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This report is Volume 3 of six volumes of the final report on "Nuclear Rocket Shield­
ing Methods, Modification, Updating, and Input Data Preparation". This work was performed 
for the George C. Marshall Space Flight Center (MSFC), Huntsville, Alabama, under 
Contract No. NAS-8-24919, Control No. DCN 1-X-80-00056. The technical monitor of 
this contract was Mr. Henry E. Stem, Deputy Manager of the Nuclear and Plasma Physics 
Division of the Space Sciences Laboratory, MSFC. A description of the GAMLEG-W, 
APPROPOS, NAGS, and SATURN codes are presented in this volume. 
In summary, the six volumes of the final report are as follows: 
Volume 1: "Synopsis of Methods and Results of Analyses" - A summary of the work performed 
under this contract, 
Volume 2: "Compilation of Neutron and Photon Cross Section Data" - A description of the 
six Master Libraries of neutron and photon, cross section data, 
Volume 3: "Cross Section Generation and Data Processing Techniques" - A description
of the GAMLEG-W, APPROPOS, NAGS, and SATURN codes, 
Volume 4: "One-Dimensional, Discrete Ordinates Transport Technique" - A description of 
the ANISN-W code, 
Volume 5: "Two Dimensional, Discrete Ordinates Transport Techniques" - A description of 
DOT-IIW, DOQ, ADOQ, and MAP codes, and 





A description of the cross section generation and data processing techniques 
for analyzing nuclear reactor systems is given. These techniques include 1) the GAMLEG-W 
code for generating multigroup, photon cross sections for use in discrete ordinate and Monte 
Carlo transport codes; 2) the APPROPOS code for preparing multigroup, simultaneous, 
neutron-photon cross section data and neutron reaction cross section data for radiation transport 
codes; 3) the NAGS code for processing the output fluxes from one-and two-dimensional 
discrete ordinate transport codes to provide neutron and gamma ray, distributed source data 
as well as nuclear energy deposition; and 4) the SATURN code for processing master library, 
cross section data including optional, transverse leakage corrections, adjoint reversals, and 
mixture operations. 
Detailed user information is supplied for each code. This information includes 
problem setup, running time, required input data, and tape and core storage requirements. 
A sample problem card input and printout as well s a description of printed, punched and 
tape output is included for each code. 
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This report is Volume 3 of the six volumes of the final report on "Nuclear 
Rocket Shielding Methods, Modificatibn, Updating, and Input Data Preparation". Presented 
in this volume is a description 6f the cross section generation and data processing techniques 
provided for the Marshall Space Flight Center (MSFC) under the contractual effort. The four 
computer codes described in this volume are: 
1) GAMLEG-W, 
2) APPROPOS, 
3) NAGS, and 
4) SATURN 
The GAMLEG-W code provides mnultigroup, photon cross sections for use in 
discrete ordinate and Monte Carlo transport codes. Output data from GAMLEG-W on 
magnetic tape or cards is admissible to the discrete ordinate transport or data processing 
techniques discussed in this report. The GAMLEG-W code is described in Section 2. 0. 
The APPROPOS code is a data preparation technique for processing multigroup, 
neutron cross section data and multigroup, neutron reaction cross section data (e.g., radiative 
capture, fission, inelastic scatter, and elastic scatter) to provide spectral-weighted, neutron 
cross section data in a reduced number of energy groups. These data are then processed with 
input specified elemental atom densities, gamma ray production data due to neutron reactions, 
and photon cross section data to provide macroscopic, coupled, neutron-photon cross section 
data, neutron cross section data and photon cross section data. The format of the output data 
is admissible to multigroup, discrete ordinate and Monte Carlo transport codes. The APPROPOS 
code is described in Section 3. 0. 
The NAGS code processes multigroup, neutron and photon flux distributions for 
one-dimensional, slab or cylinder geometry models, or two-dimensional, r, z, or r, Q geometry 
models0 Flux data input to the NAGS code are read from magnetic tape or disk as produced by 
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the ANISN-W or DOT-IIW discrete ordinate transport codes described in Volumes 4 and 5 
of this report. Additional input data required by the NAGS code are prepared by.the 
APPROPOS code. described in this volume. The NAGS code provides: 1)neutron and 
photon source data for use in point kernel, Monte Carlo, or discrete ordinate transport 
analyses, 2) neutron and photon dose rates, or 3) nuclear energy deposition data (neutron 
and photon) for use in subsequent thermal and hydraulic design analyses. Source distribution 
data are generated on punched data cards for input into the KAP VI code (Volume 6) and 
on magnetic tape for use in the ANISN-W or DOT-IIW codes. The NAGS code is described 
in Section 4.0. 
The SATURN code processes Pp or transport corrected P0 cross section data using 
a minimum amount of core storage to produce multigroup cross section data tapes in two 
formats for use in the ANISN-W or DOT-IIW codes. The two formats are the normal, group­
dependent data tape or the specially prepared, group-independent data tape. Options 
provided in the SATURN code include mixing table operations, adjoint reversals, transverse 
leakage corrections, and output tape labeling or relabeling capabilities The SATURN code 
is described in Section 5.0. 
The GAMLEG-W, APPROPOS, NAGS, and SATURN codes are an integral 
part of both the preliminary or parametric and the detailed design radiation analysis methods 
provided for the Marshall Space Flight Center under this contract and the previous-contractual 
work (NAS-8-20414). A simplified, schematic diagram of each method is shown in Figures 
1-1 and 1-2. Both methods are fully described in Volume 1 of this report. 
In the preliminary or parametric design method (Figure 1-1), the APPROPOS 
code (Volume 3),is used to prepare neutron and photon cross sections and other basic data 
for use in the transport and data processing codes. These cross sections are input to the 
ANISN-W code (Volume 4). The ANISN-W code computes one-dimensional neutron and 
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ShedRadiation Heat Generation 
Figure 1-1. Flow Chart for Preliminary or Parametric Radiation Analysis 
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photon energy sources and distributions or heat generation rates are obtained using the NAGS 
data processing code (Volume 3). These sources and distributions are used as input to the 
KAP-VI point kernel, code (Volume 6). The KAP-VI code provides gamma ray and fast neutron 
radiation levels at locations external to the reactor. Radiation sources, heat generation 
rates, and radiation environment, both internal and external to the reactor as well as shield 
effectiveness can be computed using the preliminary or parametric design method. 
In the detailed design method (Figure 1-2), the neutron and photon cross sections 
prepared by the APPROPOS code (Volume 3)are used as input data to the DOT-IIW, two­
dimensional, discrete ordinates transport code0 The DOT-IIW code (Volume 5) computes the 
two-dimensional neutron and photon fluxes throughout the reactor geometry. The NAGS 
data processing code (Volume 3) processes these fluxes and calculates neutron and photon 
energy deposition and neutron and photon energy sources and distributions within the reactor 
system. These sources and distributions are used as input to the KAP-VI point kernel code 
(Volume 6). The KAP-VI code provides gamma ray and fast neutron radiation levels at 
locations external to the reactor In additon, the surface leakage fluxes from the DOT-IIW 
problem geometry are used as input to the MAP radiation transport code (Volume 5). The 
MAP code computes the radiation environment at selected surfaces or points external to the 
DOT-IIW geometry and includes provisions for last-flight transport using optional point kernel 
techniques The SCAP single-or albedo-scatter code (Volume 6) is used to compute external 
radiation environment using, as source input data, the output from either the KAP-VI or the 
MAP codes0 Radiation sources, heat generation rates, and radiation environment, both 
internal and external to the reactor as well as shield effectiveness can be computed using 
the detailed design method. 
The SATURN (Volume 3), DOQ (Volume 5), and ADOQ (Volume 5), codes are 
additional data preparation and handling codes. These codes are provided as convenient 
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2.0 GAMLEG-W CODE 
)GAMLEG-W, a revised version of the GAMLEG code , provides multigroup, 
photon transport cross sections for use in multigroup; discrete ordinate transport or Monte 
Carlo transport codes. The code is designed to provide photon transport cross sections in a 
maximum of 100 groups with scatter transfer cross sections represented as a Legendre expan­
sion (PI) of arbitrary order. The code performs a numerical integration with a user specified 
weighting function to obtain multigroup, absorption and scatter-transfer cross sections. 
Absorption cross sections are obtained from pointwise, photoelectric and pair-production data 
on punched data cards or magnetic tapeand Compton absorption from the Klein-Nishina 
equation for the inelastic scattering of a photon with a free electron. (2) Scatter-transfer 
cross sections are obtained from the differential form of the Klein-Nishina equation For the 
inelastic scattering of a photon with a free electron. 
The code can, at option, provide photon transport cross section data for use in energy 
flux or particle flux calculations. Production of a pair of 0.511 MeV photons due to pair 
production annihilation can be included in the energy scatter-transfer or particle scatter­
transfer cross section data. 
Output data from the GAMLEG-W code are compatible with the ANISN-W (3 ) or 
DOT-IIW 4 ) computer codes and are placed on either punched data cards or magnetic tape. 
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2. 	1 COMPUTER CODE SYNOPSIS 
1) Name: GAMLEG-W (1 ) 
2) Computer: The code is designed for the UNIVAC-1.108 computer. 
3) Nature of Physical Problem Solved: 
GAMLEG-W solves for multigroup, photon transport'cross sections for use in 
multigroup, discrete ordinate or Monte Carlo transport codes. GAMLEG-W uses a numerical 
integration (with a specified weighting function) of 1) pointwise photoelectric or pair-production 
data and 2) the Klein-Nishina equations for inelastic scattering of a photon with a free electron 
to provide group averaged cross sections. Energy scatter-transfer or particle scatter-transfer 
cross sections are calculated at option. Pair-production absorption may, at option, be 
treated as the production of a pair of 0.511 MeV photons in the scatter-transfer cross sections. 
A maximum of 100 groups is allowed with an arbitrary order of the Legendre 
expansion of the Compton scattering cross sections as a multigroup, scatter-transfer matrix. 
4) Method of Solution: GAMLEG-W uses a Simpson's rule integration method with 
a specified weighting function to evaluate group averaged quantities. A maximum of 50 
integration points per group is allowed in the scatter-transfer cross section averaging, and a 
factor of two greater number of integration points (maximum of 100) in the group averaging. 
5) Restrictions on the Complexity of the Problem: The GAMLEG-W computer code 
is limited to a maximum of 100 groups and 50 integration points per group. Cyclic calculation 
of the multigroup data for each element after the calculation of the PO scatter-transfer data 
of order e allows for the calculation of a maximum of 100 sets of multigroup element data. 
Photoelectric and pair-production cross section data are represented as a maximum of 99 point­
wise values of data for each element. 
6) Typical Running Time: The equation for the GAMLEG-W code running time can 
be approximated by the number of groups, number of integration points per group, and the 
order of the Legendre expansion of the cross section data. The CPU time on the UNIVAC­
1108 computer is estimated from the following equation: 





where: IG is the number of group energy bounds, 
N is the number of integration points in each group, 
NMAX is the order of the Legendre expansion in the scatter-transfer cross sections (1+ 1), and 
IZ is the number of set element data to be calculated. 
7) Unusual Features of the Code: The code employs a numerical integration tech­
nique to solve for multigroup photon scatter-transfer cross sections, of arbitrary order, using 
the Legendre polynomial scattering approximation. Energy-or particle scatter-transfer cross 
sections are calculated. 
8) Related or Auxiliary Codes: Photon cross section tapes generated by GAMLEG-W 
are used as input to the ANISN-W (2), DOT-IIW (3), or, APPROPOS ( ) computer codes. 
9) Status: The code is in production use at the Marshall Space Flight Center 
(MSFC). Users at MSFC load the code from a tape with control cards followed by user's input 
data. 
10) References: 1. R. G. Soltesz, R. K. Disney, and 
S. L. Zeigler, WANL-PR(LL)-034, 
Volume 3, "Cross Section Generation 
and Data Processing Techniques", 
August 1970. 
2. 	 R. G. Soltesz and R. K. Disney, 
WANL-PR(LL)-034, Volume 4, "One 
DimensionalDiscrete Ordinate 
Transport Technique", August 1970. 
3. 	 R. G. Soltesz, R. K. Disney, J. Jedruch, and S. L. Zeigler 
WANL-PR(LL)-034, Volume 5, 
"Two Dimensional, Discrete Ordinate 
Transport Techniques", August 1970. 
11) Machine Requirements: The GAMLEG-W code is in production use at MSFC 
on a UNIVAC-1108 computer with a 65 K core. The source code requires 49K decimal 
locations for instructions and data storage: Up to 2 tape or disk devices are required in addi­
tion to the input, output, and punch devices. 




13) Operating System Under Which Program is Executed: The GAMLEG-W code 
is operational under the UNIVAC-1108, EXEC 8 Monitor System at MSFC. 
14) Other Programming or Operating Information or Restrictions: None. 
15) Name and Establishment of Authors: 
R. G. Soltesz and R. K. Disney 
Westinghouse Astronuclear Laboratory 
P. 0. Box 10864 






2.2 INPUT DATA DESCRIPTION 
2.2.1 Input Format 
sets: 
The input data for the GAMLEG-W code are divided into the following three data 
a) Overall problem specifications, 
b) Weighting function and energy grouping data, and 
c) Element data. 
The first data set consists of a problem title card and integer data specifying the 
problem parameters. All integer data are input as right adjusted in the data field specified 
in the input. 
The second data set consists of weighting function data, source data, and the multi­
group energy specifications. The third data set is the element data. The GAMLEG-W code 
processes the element data in sequence to obtain the P0 cross section data; P2 cross section 
data are generated in sequence for the entire set of element data. 
2.2.2 Input Data Instructions 
This section describes the problem input data required (Table 2-1) for the GAMLEG-W 
code. Section 2.3 presents a more detailed description of the required input data. The 
quantity in slashes represents the input data array dimension and the expression brackets is the 





INPUT INSTRUCTIONS FOR THE GAMLEG-W CODE 
DATA SET A - Overall Problem Parameter Specifications 






6 - 10 
11 -15 
16 -20 
21 - 25 








Overall problem descriptive 
title 
Number of energy group 
limits for energy grouping 
(Number of groups plus 
one). /IG-1 -100/ 
Number of integration 
intervals per group 
/N S 50/ 
Order of Legendre 
expansion for which scatter­
transfer cross sections are 
to be cblculated 













Number'of cross section sets 
to be placed on binary output 
tape 10 for ANISN-W or 
DOT-IIW 
NMAT = IZ 
Tape identification number 
for ANISN-W or DOT-IIW 








DATA SET A 
Cord Number FORTRAN Format Card Column Variable Name Description 
31 -35 NPUNCH Punched card output 
option for ANISN-W 
or DOT-IIW data. 
NPUNCH = 0/1, No 
Punched Card Output/ 
Punched Card Output 
36 -40 NODD Compton scatter loss 
calculation option 
NODD= 0/1; Calculate/ 
Do not calculate 
41 - 45 NREAD Library tape option: 
NREAD = 0/I; app 
and a e input from 
cards/tape 11 
46 -50 NPP fbir-production calculation
optionNPP = 0/1, Pair-production 
treated as absorption/Pair­
production treated as absorption
plus scatter-transfer 
51 - 55 NPF Output Scatter-Transfer Cross Section Calculation 
Option 
NPF= 0/I, Energy flux 
cross section output/ 






DATA SET B - Weighting Function and Energy Grouping Data 
The following data IF, EFLUX, or IS, ES, S are input according to the input variable, KON. 
The energy range of EFLUX and ES must span the energy range of the input energy group 
structure.
 
Card Number FORTRAN Format Card Column Variable Name 

NOTE: Cards 1, 2, and 3 are required only if KON < 0 
1 (15) 1 -5 
2 (6E 12.5) ---
3 (6E 12.5) 
4 (15). 1 ­5 
5 (6E 12.5) ---
6 (6E 12.5) ---









Number of input weighting 
flux values. 
Energy values corresponding 
to flux values in order of 
decreasing energy. / F values/ 
Input flux values for cross 
section weighting/IF values/ 
Number of input source 
values 
Energy values in units of 
MeV corresponding to source. 
value in order of decreasing 
energy. /S values/ 
Input source values (If 
KON > 0, used for cross 
section weighting) /IS 
values/ 
Group energy bounds (or limits) 
in order of decreasing energy 
including first (highest energy) 






TABLE 2-1 (CONTINUED) 
DATA SET C - Element Data 
The following data, IZ, TITLE, IA, Z, AMU, EAI, SIGPP, SIGPE, are input only if the input 
variable in DATA SET A, NREAD = 0. 
Card Number FORTRAN Format Card Column Variable Name Description 
1 (1415) 1 - 5 IZ Number of sets of 
element data on punched 
cards 
2 (12A6) 1 - 72 TITLE Element Identification. 
3 (15, 2F 10.5) 1 -5 IA Number of energy points 
in pointise cross section for 
this element 
6 - 15 Z Atomic number for this 
element 
16 -25 AMU 'Atomic mass units for this 
element 
4 (6E 12.5) --- EAI Energy point values at which 
cross section data (photo­
electric and pair-production 
are given in order of increas­
ing energy and in units of 
Mev. 
/IAvalues/ 
5 (6E 12.5) --- SIGPP Pair-production cross section 
at each energy point, EAI, 
in order of irmcreasing energy
 






6 (6E 12.5) --- SIGPE 	 Photoelectric cross section 
at each energy point, EAI, 
in order of increasing energy 
in units of barns 
(cm2 /atom x 1024) 
/IAvalues/
 
Cards 2 to 6 inclusive are repeated for each element (IZ sets). This concludes the required 
setup for a GAMLEG-W calculation. 
* a-barn is (cm2/atomx 102 -) 
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2.3 DETAILED INPUT INSTRUCTIONS 
This section presents a more detailed definition of the input parameters and arrays 
defined in Section 2.2.2. Examples of input data are illustrated to assist the user in the setup 
of a GAMLEG-W problem. 
2.3. 1 Multigroup Specifications 
The input parameter to the GAMLEG-W code specifying the number of energy 
bounds is the value, IG. The energy values, EG, are the energy limits of the multigroup 
structure in order of decreasing energy. The code internally computes the number of groups, 
IG-1; the printed output data of the code is the quantity, IG-1. - The input energy values 
for the multigroup input to GAMLEG-W must be within the range of the energy values of both 
the flux and/or source weighting data entered in DATA SET Band the cross section data 
entered in DATA SET C. This restriction requires that the lower energy value, EG(IG), 
must be greater than or equal to the lower energy value of EFLUX, ES, and EAI. The upper 
energy, EG(1), must be less than the highest energy value of EFLUX, ES, or EAI. 
2.3.2 Group Integration Requirements 
The user of GAMLEG-W specifies the number of Simpson's rule integration points to 
be used in calculating the group averaged quantities. The internal calculation uses the input 
value, N, in Data Set A as the number of points within each group for these calculations. 
The Simpson's rule numerical integration used to provide the scatter-transfer cross sections, 
however, requires a factor of two greater number of points. This requirement is coded in 
GAMLEG-W. The number of integration points is dependent upon the group energy widths 
and the average energy of the group. For groups of 0.5 - 1.0 MeV energy widths and energies 
greater than 0. 1MeV, the recommended value of N is 30 integration points per group. 
2.3.3 Weighting Function Data Requirements 
Four types of data can be used to input weighting function data to the GAMLEG-W 





of KON, and the specified type of cross section output desired (i. e., energy or particle 
scatter-transfer), the code calculates the proper weighting function data. For example, the 
user may specify energy flux weighting function data as input and particle flux output data. 
In this example, the code would convert the weighting function to a particle flux by dividing 
by the energy value at each energy point. In addition to the weighting function option, the 
user may specify the weighting to be uniform (or flat) within the group. 
Flux weighting is optional in the GAMLEG-W code. Only if KON is negative are 
flux weighting data requiredas input. The source data are always a required input data 
array. In addition, the user must specify an array which spans the range of the energy group 
specifications. 
2.3. 4 Library Data Requirements 
Library data of pair-production and photoelectric cross section data by element are 
required input to the GAMLEG-W code. These library data are entered in units if barns per 
2 24atom (cm /atom * 10 ). The user must specify the number of energy points, the energy 
values (in decreasing energy in units of MeV), and the cross section values at the energy 
points. The code employs a linear interpolation method in the logarithm of energy and the 
logarithm of the cross section value to provide energy point values in the integration. The 
user must, therefore, specify a sufficient number of point data to describe the variation of 
cross section with energy, including the K, L, M, etc. electron shell edges of the photo­
electric cross section data. 
The maximum number of energy point values allowed in the GAMLEG-W code is 99. 
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2.4 PROBLEM SETUP INFORMATION 
This section describes the data deck setup for the GAMLEG-W code. Information 
on tape assignments, running time, recommended debug procedure, and error messages is 
provided.
 
2.4. 1 Tape Assignment 
The GAMLEG-W code has been placed on the MSFC UNIVAC-1108 computer system 
under the EXEC 8 Monitor System. Under this system the GAMLEG-W code may require a 
maximum of 5 tapes or disks. The tape assignments are as follows: 
Tape 5, Input Disk 
Tape 6, Output Disk 
Tape 7, Punch Disk 
Tape 10, Output Multigroup Cross Section Data Tape 
Tape 11, Cross Section Library Input (or Output if NREAD = 0) Data Tape 
The cross section library input data tape (Tape 11),which is required if NREAD = 1, 
can be generated by a previous GAMLEG-W problem. The capability to produce a library 
tape is provided in GAMLEG-W without option; the user may obtain this tape by saving 
tape 11 from a GAMLEG-W problem for which a punched data card library was input. The 
content and format of the library tape is discussed in Section 2.7. 
The output cross section data tape from GAMLEG-W is written on tape 10 in the 
format required for the ANISN-W and DOT-IlWcodes; the contents of this tapeare described 
in Section 2.5. 
2.4.2 Running Time 
The required running time for a given GAMLEG-W problem on the MSFC UNIVAC­
1108 computer is dependent upon the desired number of energy groups (IG-1), the order of 
the P2 expansion of the scattering cross section (NMAX), the order of the Simpson's rule 
integration used in calculation group averaged data (N), and the number of sets of element 
data to be calculated (IZ). These input quantities are used in the following equation to 




NMAX * N * (IG-1) N * NMAX * IZ * (IG-1)t (CPU seconds) = 20+ 10+40 I0 40D0 
A finite setup time is required-for a GAMLEG-W problem (usually less than 20 
seconds) and is included in the above equation to provide a conservative estimate of the time 
required for a GAMLEG-W problem. 
2.4.3 Recommended Problem Debug Procedure 
Because of the code logic employed in the GAMLEG-W code, a complete checkout 
of a GAMLEG-W input deck can be obtained by setting the order of the Pe expansion, 
NMAX, to I and the order of numerical integration, N, to a very few points (< 10). A 
complete printout of the GAMLEG-W problem data and the processing of the element data 
are obtained in less than 60 seconds of CPU time. This procedure is recommended when a 
complete set of library dat or a new weighting function is prepared for a GAMLEG-W problem. 
2. 4. 4 Error Messages 
The following error messages may be encountered when running a GAMLEG-W 
problem. These error messages are related to improper data or problem deck setup. 
ExplanationError Message 

"Error - Energy less than all energies" The input multigroup structure
 
extends below the range of the
 
input flux or source data or
 




The input multigroup structure lies
"Interpolant out of range" 
above or equal to the upper limit 
of the flux or source spectrum or the 
upper limit of the library data. 
Floating point data where fixed
"The Interpretation of Meaningless Data 





2.4.5 Sample Problem Input 
A sample problem input data listing is included in Table 2-2 to illustrate the setup of 
a problem. This problem is used to generate 13 group, photon transport cross sections. The 
order the Legendre expansion (P2 ) of the scattering cross sections is 2 = 5 and the number of 
numerical integration points is 30. The element data in the sample problem consist of 
hydrogen photoelectric and pair-production data. This card listing illustrates the deck setup; 





SAMPLE PROBLEM CARD INPUT FOR THE GAMLEG-W CODE
 
GAMLEG W SAMPLE PROBLEM 
14 30 6 1 6 100 0 0 0 
i05 
9.900001 9.4 9.3 9.2 9.1 9.0 E-1 
8.9 . 8.8 8.7 0.6 8.5 8.4 E-2 
8.3 8.2 8.1 8.0 7.9 7.8 E-3 
7.7 7.6 7.5 7.4 7.3 7.2 E-4 
7.1 7.0 6.9 6.8 6.7 6.6 E-S 
6.5 6.4 6.3 6.2 6.1 6.0 E-6 
5.9 5.8 5.7 5.6. 5.5 5.4 E-7 















3.5 3.4 3.3 3.2 3.1 3.0 E-11 
2.9 2.8 2.7 2.6 2.5 2.4 E-12 
2.3 2.2 2.1 2.0 1.9 1.8 E-13 
1.7 1.6 1.5 1.4 1.3 1.2 E-14 















0.03 0.02 0.01 E-18 
7.03-5 8.93-5 1.21-4 1.84-4 2.82-4 4.14-4 F-1 
6.23-4 7.92-4 1.26-3 1.68-3 2.17-3 2.94-3 F-2 
3.96-3 5.41-3 7.13-3 9.20-3 1.18-2 1-56-2 F-3 
1.92-2 2.36-2 2.62-2 3.18-2 3.43-2 3.53-2 F-4 
3.34-2 3.15-2 2.97-2 2.72-2 2.68-2 2.84-2 F-5 
3.25-2 3.84-2 4.41-2 4.96-2 6.10-2 7.20-2 F-6 
7.67-2 9.28-2 1.03-1 1.12-1 1.26-1 1.30-1 F-? 
1.38-1 1.25-1 1.12-1 1.10-1 1.27-1 1.44-1 F-8 
1.88-1 2.30-1 2.52-1 2.77-1 3!.01-1 3.32-1 F-9 
3.69-1 3.80-1 4.10-1 4.56-1 4.81-1 5.04-1 F-tO 
5.25-1 5.44-1 5.94-1 6.40-1 7.13-1 .7.80-1 F-1I 
8.41-1 9.24-1 9.72-1 1.09-0 1.22-0 .1.32-0 F-t2 
1.43-0 1.50-0 1.60-0 1.66-0 1.71-0 1.78-0 F-13 
1.87-0 1.92-0 2.10-0 2.80-0 2.99-0 2.88-0 F-14 
3.08-0 3.00-0 3.33-0 3.68-0 3.64-0 4.02-0 F-15 
4.50-0 A.40-0 5.12-0 3.30-0 1.63-0 8.15-1 F-16 
7.33-1 6.52-1 5.70-1 4.89-1 4.08-1 3.26-1 F17 
2.44-1 1.63-1 8.15-2 F-18 
9.5 7.9 7.0 6.0 5.0 4.0 DEli 
3.0 2.6 2.2 1.8 1.35 0.9 0E-2 
0.4 0.1 
HYDROGEN 















.4 .5 .6 .8 1.0 1.5 E MEV 
TABLE 2-2 (Continued) 
2.0 3.0 4.0 
 5.0 6.0 





 0.0 0.0 
 0.0 0.0 
 PP I H0.0 0.0 0.0 0.0 
 0.0 0.0 
 PP I H0.0 0.6 
 0.0 0.0 





-4 1.42 -3 1.84 -3 2.62 
 -3 PP I H3.28 -3 4.62 -3 5.63 
 -3 
 PP 1 H1.04 
-2 2.0 -3 0.0 
 0.0 0.0 0.0 
 PE 1 H0.0 0.0 
 0.0 0.0 
 0.0 0.0 
 PE 1 H0.0 0.0 
 0.0 0.0 
 0.0 0.0 
 PE I H
0.0 *0.0 0.0 0.0 0.0 0.0 PE I H
0.0 0.0 0.0 




2.5 OUTPUT DATA DESCRIPTION 
Output data from the GAMLEG-W code consist of printed output, punched card 
output, and magnetic tape output. 
2.5. 1 Printed Output 
The printout of the sample problem discussed in Section 2.4.5 is shown in Table 2-3. 
This printout consists of an organized printout of the input data to the code. The input data 
from DATA SET A and DATA SET B (see Section 2.2) are the first printed data. The optional 
flux weighting function data are only printed if input. 
This organized input printout is followed by an edit of the results of the numerical 
integration of the scatter-transfer cross section data. This printout consists of a line of print­
out for each gtoup as follows: 
DIFFERENCE - GROUP AVERAGE SCATTER CROSS SECTION AND SUM OF 
GROUP AVERAGED TRANSFERS = GROUP N, IS= X.XXXXXE-XX 
This edit is dependent upon the type of cross section output. This difference is the 
error between the numerical integration of the Klein-Nishina equation to obtain the group­
averaged, total, P0 scatter cross section and' the sum of the P0 scatter-transfer cross section 
obtained from the numerical integration of the differential scatter-transfer cross section in the 
multigroup energy structure (see Section 2.7 for equations). If particle transfer cross section 
output is obtained, this difference is the fractional error between the numerical integrations. 
If energy transfer cross section output is obtained, this difference is the Compton 
2 24absorption cross sections in units of barns/electron (cm /electron * 102). 
The next section of printed output is the multigroup results of the Compton scatter 
cross section calculation. 'The columns of data are the group averaged values as follows: 
1) ENERGY (MeV) is the average group energy based on the weighted average of 
the energy. 
2) FLUX is the integral weighting flux (particle or energy) in each group. 








NO. OF GROUPS * & , * # . * * s . . . . . * . . . 13 
NO. OF INTFGRATIbN POINTS/GROUP , . * t.. 30 
NO. OF LEOCNORE MOMENTS . . . . . . . * * * * * 6 
WEIGHTING FVUNC.(O/ 1/2.UNTFORM/ENERGVPARTICLE),. I
 
IMINUS IMPLIES FLUX-POStTIVE IMPLIES SOURCE)
 
NO. OF MAtERIALS ON OUTPUT TAPE14 . , * * * 6 
TAPE I.. NO. . . . . . * 	 . . * ; , a . a 100 
PUNCH OUTPUT 6PTiON(5/INOiYES) .' *1 * . * 0 
COMPrON SCATTER-LOSS OPTfON(O/10YES/NO * * 0 
LIBRARY OPTIOIJ(o/ICARIJS/TAPEII) . . . * * 0 
PAIR PRODUCTION OPTION(o/INO/YE5) . . * * "0 



















9 8. OOOOOE O0 1.26000OE-03 
10 8.600000'OO 0 16800000E-03 
1i 8.aO00OOOEO0 2.700000E-03 
12 $.4000000E*0O 2.9400000GE-03 
13 8.3000000E#00 3.9H00000E-03 
14 8.2000000E00 5.4100000E-03 
lb 8.1000000E+O0 7.1300000E-03 
16 8.O0O00Oo0E00 9.2000000E-03 
17 T.9000000*O0 1.1600000E-02 
114 T.80000000000 I.S6000noE-oa 
19 1.7000000E400 1.9200000E-02 
20 T.6000000E4 00 2.3600000E-02 
21 7.5000000E00 2.62000Q0E-02 
22 ?.400000E00 3.1O00OOE-02 
23 7.3000000E*00 3.4300000E-02 
24 7.200000E*00 3.5300000E-02 
2b 1.01O0O00E*00 3.3400000E-02 
2h 7.O000UOOE4OO 3.1500000E-02 
27 6.90000OOE00 2.9'O00DOE02 
26 6.000000E+00 2.72000DOE-02 
29 6.70'0000E40Q 2.6OO0OOE-02
 
TABLE 2-3 (Continued) 
30 6.6000000E00 2.84O000OE- O 
31 6.5000000E*00 3.2500000E-02 
32 6.4000000E+00 3.8400000E-02 
33 6.3000000L+00 4,4100000O02 
34 6,2000000E*00 4.Y60000OE-02 
35 6.IOOOOOOE*O0 6.100000E-02 
36 6.O0000OoEo0 72000000E-02 
37 b.qOOOOOOLO0o 7.7000O0E-02 
38 5.8000000E*00 9.2800000E-02 
39 5.7000000E*00 1.O3OOOOOE.O 
40 5.hOOOOOOE+O0 1.1200000E-01 
41 5.5000000E+00 1.2600000E-01 
42 5.4000000E*00 1.3000000E-01 
43 5.3000000Et00 1.38000OOE-01 
44 5.POOOOOOE*O0 1.2500000E-01 
45 5.10000OE400 l.1200000E01 
46 5.0000000E400 I.10000OOE-01 
47 4.9000000E+00 1.27000OOE-01 
48 4.8000000E*00 1;4400000E-01 
49 4.7000000E*00 1.88000OOE-01 
50 4.6000000E*00 2.3000000E-01 
51 4.5000000E*00 2.5200000k-01 
,0 52 4.4000006Lo0 2.7700000E-01 
53 4.3000000E+00 3;0100000E-01 
54 4.2000000L*00 3,3200000E-01 
55 4.IO)0000E+00 3,6900000E-01 
50 4.0000000E+00 3.8OOOOOOE-01 
51 3.9000000E*00 4o1000000E-01 
58 3.8O000000E0O 4.5600000E-01 
59 3.7000000E*00 4.8100000E-01 
to 3.6000000E*00 5.0400000E'-01 
61 3S00000E*00 5.250000CE-01 
62 3.4000000E*00 5.4400000E-01 
63 3.3000000A*00 5.9400000E-01 
64 3.2000000E*00 6.4000000E-01 
e5 '.IOUOOOE 400 7.1300OOE-01 
66 3.000O00OE*00 780000OOE-01 
61 2.9000000E*00 8.4100000E-01 
68 2.8000000E*00 9*24000OOE01 
697071 
2.7000000E 4 00 9.7200000E-012.60060000E+00 |;=0)900000O2.SOuOOOOE+00 1.2200000E.00 
7? 2.4000000E+00 I.3200000E.00 
73 2.300000L*00 1.43000OOE*00 
74 2.20nOOOOL.00 1.50000OOE.00 
7 2.100000E+00 I.6000000E+00 
16 2.oOOOOoL+00 1.b6OOOCOE*00 
















































































UIFFERfNCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, GROUP 1 ' jSx 4,0375*EM02 
TABLE 2-3 (Continued) 
UIFFERENCE.GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, GROUP 2 9 I 4,23578E602
 
UIFFERENCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS. GROUP 3 o ISR 4.54490E-02
 
UIFFERENCE-GROUP AVG SCATTER CROSS SECTION ANo SUM OF GROUP AVERAGED TRANSFERS. GROUP 4 IS 4.96733E£02
 
UIFFERENCE-GROUP AVG SCArTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, 9ROUP 5 ISs 5.56102E02
 
UIFFLRENCL-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, GROUP 6 1 IS" 6.a5761EWO2
 
UIFFILRENCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, 9ROUP 7 , ISC 6.85162E602 
DIFFERENCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS 9ROUP B I IS 7.28670L 02
 
DIFFERENCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERSO QROUP 9 . ISm 7.7771IE02 
DIFFERLNCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, 9ROUPIO o IS= 8,40375E602
 
UIFFERENCE.GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS. @ROUPiI q IS' 9.093OE'-02
 
uIFFERENCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERS, GROUP12 9 IS" 9,74632E-02
 
UIFFERENCE-GROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRAN§FERS. 9ROUP13 I ISO 9.32599E02
 
,R6UP AVERAGE VALUES, CROSS SECTIONS (BARNS/ELECTRON)
 
bRP ENERGY(MEV) FLUX SOURCE COMPTON COMPTON COMPTON COMPTON COMPTON
 
NO. SCATTER ABSORPTION SCAT-LOS§ ABS'(E) SCAT-LOSSCE)
 
I 7.86563E+00 2.32894E-02 5.95017E-0 3 6.06481E-02 4.03754E-02 0. 3.1727oE-oI 0,
 
a 7.2446oE+00 3;2O010E-02 3.27035E-O 6,42331E-02 4,23578E-02 0O 3.0679SE-o1 0.
 
3 6,4IbtOE*O0 7.60884E-02 3,88794E-O 6,99880E-02 4954490E-02 0O 2,91215E-01 0,
 
4 5.4623R.00 2.16425E-01 1,1O588F-1O 7,815IIE-02 4,96733E-02 O 2.7O973E-01 0o
 
5 4 .40093E#00 4,81831E-O1 2.46205E-01 9.03219E-02 5.561o2E-O2 0. 2,44279E-01 Oo
 
6 3.44560E*00 1o06534E+00 5.44366E-01 1.05880E-01 6.25761E-02 O, 2,14932E-01 0.
 
7 2.78942E.00 7.18014o-0 9.17221E-0l 1.20386E-01 6.85182E-02 0. 1,9099IE-0 0.
 
a 2.36')48F+00 1.02952E+00 1.31516F*00 1.32104E-01 7,28610E-02 O' 1.73962E-01 0.
 
9 1.99479E+00 1.29316EO0 1,6bl94E+O0 1.46726E-01 7,77111E-O2 0. 1.54962L-o 0.
 
10 I.SSSGIE*O0 I.8f453E+O0 2,1?854E*00 1,68637E-01 B,4OSTSE-02 Do 1,30464E-01 O
 
11 '.12143E+O0 2.65817E+00 3,oI837E+O0 2.00361E-01 9,09307E-02 0O I.61695E01 O
 
12 6.36876E-01 3.85i62L*00 3,93618E*00 2.64214E-01 9.74632E-02 0; 6.19046E02 Do
 




TABLE 2-3 (Continued) 
HYDROGEN
 
ENERGY (mEVI PAIR PROD. PHOTO ELEC
 
I 2.OOOOOOE*O1 5.6300000E-03 O.
 
2 1.5000000E*01 4.6200000E-03 0.
3 1.00000OOE6o 3,2800000E.03 0.
 
4 R.OOO00OOL*0O 2.6200000E-03 0.
 
5 6.0000000E4O0 1.8400000E-03 0.
 
6 5.00O0000E+O0 1.4200000E-03 0.
 
7 4.0000000E+00 9.B9000OE-04 0.
 
B 3O000000E*O0 5.54000OOE-04 0,

9 2.0000000EO0 1.81000OoE-04 O,
 
10 1,5000000E*00 4,4000000E-05 0.
 
11 1.O000000E*O0 0. 0.
 
12 H.OOOOOOE01 00 0.
 
13 6.000000OL01 0. 0.
 
14 b.OOOOOOOF-O 0. 0.
 
15 4.0000000E"01 O 09
 




18 1.5000000kO 0. oD
 
19 .O000000E-0' 0. 0.
 
20 A.0000000E'02 0. 0.
 
21 6.0000000E-02 0. 0.
 
2? 5.OOOOOOOE-02 0. O.
 
23 4.OOOOOOE-02 0. 0.
 
24 3.OOOOOO0E-02 0O 0.
 
25 2.0oo0000-02 0. 0,

26 1.booOOOOE-02 0. 2.OOOoOOE-03
 
27 l.OOOOOOOE-02 0. 1.0400000E-02
 
TABLE 2-3 (Continued) 
6HP PHOlO ELECT PAIR PRODUC ENERGY I ENERGY PAIR.PRODUC
 
NO, ABSORPTION' ABSORPTION ABS(PPtPE) /ABS(TOTALI TRANSFER
 
1 0. 2.56o4E-03 2.01776E-02 3,37448E-O1 0.
 
2 0. 2,319STE-03 1.68121E-O2 3,2330WE01 O
 
3 0. I.9931'E-03 1,26520E-02 3.04067E-01 '0.
 
4 0. 1.611381E03 8,83300F-03 2.79806E-01 0.
 
h 0. 1.1563a-03 5912234E-0J 2.49401E-0l 0.
 
6 no 7.37476E'04 2957676F-03 p.1TSQE-0I 0.
 
7 0. * 4.55095EL04 1#27543E-0J 1.92267E-01 0. 
8 0. 2.97371E04 7,15077E-04 IlT467TE-01 0.
 
9 n. 1.73016E-04 3.49460F-0 4 1.55311E-01 0o
 
10 0. 4,31715E-05 7,19531E.Ob 1.305 3 6E-01 0.
 
11 0. 0! 0. 1.01695E-01 0.
 
12 0. 0. 0. 6.19046E-02 0.
 
13 Q0 0. 0. 2.89847E-02 0,
 
F 0 CROSS SECTION TABLE ATOMIC NUMHERR 1.000
 
GROUP. I GROUPs 2 GROUP. 3 GROUP. 4 GROUPs5 GROUP* 6 GROUPw 7 GROUPa m 
I 4.2935f3E-02 4.467733E-02 4.T44720E,02 5.128466E02 5.676699E-02 6*331359E-02 6.897327E-02 7.316433E-02
 
2 ). 0. 0. 0. 0. 0. 0. 0.
 
3 6.32O898E-02 6.655262E-02 7.198616E-02 7.976305E-02 9.147869E-02 1.0b617?.01 1208413E-01 1,324012E-01 
4 1.382BE-03 1,135998E-03 2.308255E-03 3.540375E-03 4.59586pE-03 7.97698E-03 5.628376E-03 7.552934E-03 
5 n. 1.913A13E-03 4.362165E-03 S.378622E-03 7.130?57E-03 1.O7oo34E-02 7.20?608E-03 1.121046E-02 
6 0. D. 3.455478E'03 3.758R35E-03 4.534115E-03 5,833580g.03 32553383E03 6.252495E-03
 
1 6. Do 0. 3.o6oalE-03 3.24f292E-03-3.846248E-03 2.032404E-o3 3.208891P-03
 
$ O* 0. Of 0. 2.645167E-03 2o833306#r03 1.381576E-03 I.B90197E-03
 
9 0. 0. 0. 0. 2,343501E-03 1.03880SE-03 1.307666E-03
 
0. B.68765BE-04 9.944068E-04
0. 0. a. 0.
lo O. 0, no 0. 0. '0. 8.365844E-04
11 0. 0. 

12 O. 0. 0. 0. 0, 0 0 04 
0. 0. 0. 0. 0. 0.
13 n, 0. 

14 0. 0. 0. O. O. a; 0. 0. 
0. 0. 0. 0. 0.
15 0. 0. 0. 

16 0. 0. 0. 0. 0. 00 0 0, 
GROUP= 9 GROUPs1O GROUPaII GROUPwj2 GROUPM13 GROUPS
 
I- 7.7944:oE-02 8.40063E-02 9.o937SE'02 9.746316E-02 1.O29323E-01
 
2 P. 0. 0. 0. 00
 
3 I.4b992-01 1.686797Ef01 2.00360 'ol 2.642135E0O1 3.6 1 7249E-01
 
4 I.0K9040E0P2 1.T73583E-02 3.424888E' 02 Q.076806E-02 2.587927-0-l
 
5 1.482354E-02 a.246264E-02 3.3339AE-02 5.796568E-02 7.599229E-02
 
TABLE 2-3 (Continued) 
6 9.372A4?E-03 1.3235L1E-02 1.647075E-02 2.448S48E-02 1.721563E-02 
7 '.494?7E-03 H.722B31E-03 1.042234E-0o 1.406833E-02 8.5438?TE-O3 
8 2.9133396-D3 5.2969e7E-03 7.250667E-03 9,717641E-03 5*O62962E03 
9 1.7b769E-03 e.'R9Q4RE-03 4.65209RE'03 1.148529E-03 3.485280E-03 
10 l.2449 19E03 1.872bobE03 2.766258E03 4.815575E-03 2.534318E03 
11 9*b6HOOE-04 1.340317E-03 1,7HM00QE-03 ?.979094E-03 1.672547E-03 
14 9.093971L-04 1.0407E'003 j.96A 1 9E'0J 1.959177E-'03 1.005496En0 3 
13 0* 8.84962RE-04 1.015749E-03 1.435283E'03 6.455 2 19E-04 
14 0. 0. 8.613R38E'04 1.1?9067E'03 4.65?361E'04
 
lb 0. 0. 0. 9.659761E-04 3.617103E-04
 
lb 0 . 0 . . 3,073483E-04
 
1 CROSS SECTION TAHLE ATOMIC NUMHERm 1,000
 
GROUP. I GROUPI 2 bROUPs 3 GROUP. 4 GROUP. 5 GROUPt 6 GROUPN 7 GRDUPs a
 
1 0. 0. 0. 0. 0. O. 0. 0.
 
2 . . 0. 0. 0. 0. 0. 0.
 
3 O. O .O 0 0, O
 
4 4.065255E.03 3.402718E.03 6:89989'E 03 1.O6780E-02 1.369129E.02 2"363894-02 1:674866E.02 2.24"IISE.02;
 
5 0. 5.711966E-03 1.298207E02 1.593207E-02 2.10419E-02 3;119 106t
- 02 2.096948E-02 3.267490E'02
 
b o. 0. 1.02286 4E-02 1.102305E-02 l.314795E-02 1.659220E-0 9.967882E-03 I.761593E02:
 
7 0. 0. - 0. 8.798062E-03 9.324946E-03 1.077463E.02 5,558808E.03 A.707068E-031 
8 0. 0. 0. O. 7.551063E.03 7.854581!-03 3.719964E-03 4.9
9 6442E-031
 
9 0. 0. 0. n. 0. 6.458856L-03 2.767111E-03 3,400977E-03
 
0. 2.300219E-03 2.557624E:03
10 o. O. 0. O. o. 

0. 2.138249E03
11 0. G. 0. a. O. 0. 

0 of O
12 0. . 0. . 0. 

13 0. 0. O. no 0. 0. O 0. 
14 Q. 0. 0. 0. 0. O 0. 0 
lb 0. O 0. 0. 0. 0. 0. 0. 
16 0. 00 0. 0. 0. 01 0, 0.
 
GROUPS 9 GROUP=1O GROUP.ll GROUP=I2 GROUP=I3 GROUPs
 
1 a. 0. 0. 0. 0.
 
0. 0. 0. 00 Do
 
3 n. 0. 0. 0o O
 
4 3.2156 0 E'02 5.175217E-02 9.72514 5E-02 2.275174E-01 2 .924 3 12E-oi
 5 4.270922E-02 6.302944E-02 $.9735 77E'02 1.200946E-01 2.46422RE-02
 
b. 2 61165bE:02 3 b37537E-02 3,97056RE-02 3.R62707EOZ..I.541939E.02
 
I 1.45973bt 02 2.24M323E-02 ?.37177?-02 1.850703E-02-9.894580E-03
 
H 7.b30l?61-03 1.312860E-02 1.5799 63E'02 1.13904 5tE02"6.565189E-03
 
9 4.447'74E-03 7 097370E.03 9 6686A7E-03 7.658794E.03.4.789105E-03
 
10 3.o77254E-03 4.314720E-03 5.460056E-03 4.659479E-03"3.622724E-03
 
TABLE 2-3 (Continued) 
11 2,33??16E-03 39031020E-03 3.397122E1)3 2.568779E-03-2.487799E-03
 
12 I,964531E-03 293235b5E-03 2.412444E-03 1.551275E-03-1055607SE-03
 
13 0. 1.6143?E-03 I.a6O20E'OJ .0r5532E-O3-1*025406E-03
 
14 n. 0. 1.574426E-04 A.38762E-04-?7,O6166E-04
 
15 Q. 0. 0. 60$08986E04-5.696868E"04
 
16 0, 0. 0. o. -50039699E-04
 
1.000
2 CROSS SECTION TABLE ATOMIC NUMBERS
aP 

GROUP= I GROUPS 2 GROUP* 3 GROUPS 4 GROUPS 5 GROUPS 6 GROUPS 7 GROUP* a
 
1 0. 0. O.f. 0. 0. 0. 0.
 
2 n. O, 0. 0. O 0.
o O. 

3 0, 0 0 0 . 0 0,
 
4 6,74349E-03 5.b5363-E03 1:1fl729E02 01743630E-02 2:250051E.02 3;843899E-02 2.746378E.02 3.654036E.o2
 
5 fl. 9.422193E 03 2.1291psE 02 2,58820E-02 3.372356Eo2 4.903203-02 3.28316?E-02 5,135154E-o2
 
6 0. 0. 1.659349E-02 1#754769E-02 29043882E-02 2;475053E-02 1.442074E-02 2,574023E-02,
 
r O,. 0. 0, 1,384747E-02 1,418841E-02 1.5541B5E.02 7,590052E.03 1166973E-02i
Q. 0 . o. 0o 1.135139E-02 1.106556E-02 4.893609E-03 6.282411E-03
 
9 0. 0. 0. 0. 0O B978191E-03 3.545846E-03 4,103049F-03
 
10 O. 0. 0. 0. 0. 0. 2.903710E-03 2,99666OE.03:
 
11 0o. 0. 0, 0.
. 0. 0. 2.463580E-03.
 
12 O. O. 0. 0. 0. 0. 0. 0.
 
14 0. 0. 0. 0. 0. 0. 0, 0.
 
lb (3. 0. 0. 0. 0. 0. 0, 0.
 
l o. 0 0. 0. 0' 0. 0. 0,
 
(ROUP= 9 GROUP*1O GROUPoIl GROUPuIZ' GROUPwI3 GROUPS
 
1 0. 0. 0. 0. 0.
 
2 0. 0. 0. 0. 0.
 
3 0. O O O. 0.
 
4 5.190792E-02 8.156121E.02 1:449471E:01 2.619789E-01 2,437317E-o
 
S 6.6S211RE-O 9.13RbSoE-o2 .14664SE o1 7,937921E-02-2.760734E-02
 
b 3.7230 14E-02 4.5713?18E-02 3.897015E02-3.348152E 03-1.6o1502E-02
 
I 1.914634L-02 2.653696E-02 1,91562EO2-1,080261E-02"5,90950E-03
 
a R.941M0t1E03 1,3q0 924E02 1.o72432E-Od-l.O3428O-0O2-2.574619E-03 
1) 4.9 0 165hE-03 .5,88h6qE-03 5.222332-O3-R:9927gO :O3-1.354402E-03 
10 3.229399.-03 3.b13857E-032.1267?9E-03-6875138E-03-7;478729E-04 
114 P.34930"E-03 2.368T54t-03 9.6448H4L-O4-4.734184E-03-3.176694E-04 
ia 1.9 139bE403 1.26BogFU03 5.2b31461 'O43.304519E-O3-7.446673E'05 ' 
13 fl. 1.415292Efl3 3.21809?EO-4-2.499498E-03 5.964780E-06 
14 (1. 0. 2.320815E-4-?,005945E-03 2870576E-05
 




TABLE 2-3 (Continued) 
16 0. 0. 0 0. 3.643167E-05 
i 3 CROSS SECTION TABLE ATOMIC NUMBER. 10000 
(iROUP. I GROUP. 2 GROUPa 3 GROUP* 4 
 GROUP. 5 GROUPS 6 GROUP. 7 GROUP. B 
1 0. 0. 0. 0. 
 0. Ot 
 o 0.
2 n. 0. 0. 0. 
 O 0. 0* 0
3 n. 1 0. 0. 0. 0. 0. 0. 0.
4 9.374183E-03 7:87A328E­ 03 1,SBl2anE-02 2.404337E'02 3.064160E-0 2 5;1R489TE-o2.3,751772Ee02 4.948581E-o
5 0. 1.298749E-02 2.909097E-02 3.4852ITE-02 4.446874E-02 6.27162E 02 4,17229BE02 6#564675E-02
6 a. 0. 2,229441E-02 2.298708E-02 2.565524E.02 2.897583Eo2 1.596974E-02 2.005469E-02
 
7 0. 0. 0. 
 1.773456E-02 1418025E-02 1.712254L-02 7.504307E-03 1:109942E-02
8 n. O. O. 0. 1.346257E-02 1.1654?E-Oa4.464637E-03 5.151390E-03
9 0. 0. O 
 0. 0. 9.210277"-03 3.043796E-03 3.014123E-O3
10 0. 0. 0, Os 
 0* 0. 2.403?IOE-03 2.019342E-03
 
11 O. O, 0. 0. 
 0. 0. 
 0. 1.574079E.03:
 12 0 0. 0. 
 O. 0. 
 O; 0. 0.'
13 1). 0. 0. 0. 0. 
 0 0. 0.
 14 0. 0. 0. O. 0. 0 
 0. 0.
15 0. 0. 0. 0. 0. 0. 0. 0.




4) GROUP. 9 GROUPwIO GROUP=I1 GROUPs12 GROUP'13 GROUPS 
1 0. 0. 0. 0. 0,
2 0. 0. 0. 0. 
 0.
 
3 0. 0. 0. 0. 0"
4 6.923951E-02 1.04R669E-01 1:70671E01 2.050393E-01 1:268190E-01
 
5 8.055177E-02 1.020912E-01 1.006793E-01-I.oos21E-02-4.4164s1E-2
 
6 4 .014 374E-02 4 .050 5 26E-02 1.271986E-o2-4.qO2912-02 9.425842E-03
 
7 1.739266E.02 1.$43191E022.170333E03.3,26572SE.02 8,716298E.03
H 6.2Hb95jE-03 6.526317E-03-5.86333iE203-2,276973E-02 6;140751E-03
 











13 0. "5.9439 57E"04"2.372677E-03-2.751005-0 8.937846E-04
3
14 , 0. 
-2.0684o6E-03.2.107476-03 6.422990E.04
 
1 0. Of. 0. -1.774885E"03 4.977106E-04
 
lb4 
 0. 0. 
 0. 0. 4.218757E-04
 
4 CROSS SECTION TABLE ATOMIC NUMBERc 1.000
 
(GOUP=I GROUP= 2 GROUP= 3 GROUP= 4 GROUP. 5 GROUP. 6 
 GROUPS 7 GROUPS a
 
TABLE 2-3 (Continued) 
1 o, 0, 0. .0. O 0 0, 0. 
2 0. 0. 0. 0. 0. 0. 0, 0, 
3 fl. 0. 0. 0. 0. 00 Do 0.
 
4 1,1939olE-02 I,(.
0665E-02 2.003777E0oa 3.029158E-02 3.854565E-02 6.340764 o2 4667497E-oa 69o4526E-02 
' o. 1.635323E-02 3 .619491 E-02 4.250414E-02 S*266015E-02 7.110 060E02 4.6848IIE-62 7#433940E-02. 
6 * 0. 2.710010E'O 2.666583E-02 2,822962E-02 2.8 47924.0E- 1.4159B2E-02 2,677221E'02 
7 o. Of 0. 2@011324E-02 178507DE-02 1#504204L'02 5.159t09E-03 6.86964BE-o3
 
a . 0. 0. 0. 11351207E-02 9.326872L.03 2.416448E-03 1,747791E-03 
9 00 0. 0. 0 6.945040E-03 1.298278E-03 3,503159E-04 
10 0. 0. 0* O* 0 0 8559280E-04-1.433898E-04
 
0. 0. 0 0. -3.026135F-04
11 0. 0. 

1,! . 0. 0. 0. 0. 0! 0, 0.
 
It O. 0. 0. 0.* 0, 0 Do
 
14 n. 0. 0. O. O. 0. 0, 0.
 
lb .. 0, 0. 0. 0, 0. 0.
 
16 ,, O. 0 O O.
O. O. 

(;HOUP. 9 ' GkOUPxIO GROUP-ll 'GROUP.12 GROUP.13 GROUPS 
1 0. 0. 0. O 0. 
h 2 0. O, 0. 0. 0. 
14 3 o). 0. 0. 0. 0. 
4 8.339116E-n2 1,200692E-01 1.726510 E-ol 1,18456E-01 4*.86254E.02 
5 R.6bn bt-e2 9.31638oE-02 5.36363fE02-6.7?5891E-O2-2.306403E-02
 
h J.JhJ4bE-c c.0,1510.E-2-2.,700946E-o2-4,c2620E-02 1.54975E-02
 
I 9.365393A-3 2.39934- 0 4-2.822666E-0 2-1.969151E-o2 4.742228E-03
 
a 1.b31M4E-r4-6.380887E-3-2.325 5l'E02-R.916493E-03 1,131832E-03
 
9 -L.53bS1Ht-E3-b6.54s66E-03-1.6344OL'02-3.91 9 229 E-03 1.30 1735E-05
 
10 'l.69C7 34E03-5.155034E-031Oil1i7L-0d1*572003LeO4A46926E 04 V. 
I -i.5HHflhf-O3-4.o40138L-O3-6.522416E-03 7.089223E-04-5.812435E-04
 
12 -l.42 165E-03-3.29?2R2E-03-4.6901418E-03 9.71522]E-04-5437992E-04 ­
"
 13 A. -2.M7aZI2?-O33.6355?9E-03 9.287366E-04-4.342672 E-04 

14 n. 0. -3.OatblE03i 8.428991E-04-35009?TE.04
 
1) 0. 0. 0. 7.740143E04-2915712E-04
 
lb 0. 0. 0. 0* -2.569209E-O4
 
P b CROSS SECTION TABLE ATOMIC NUMBERs 1.0oo 
cROUP= 1 GROUPS 2 GROUP= 3 GROUPS 4 GROUPM S GROUPs 6 GROUPS V .GROUP. a
 
SI0 0. 0. 0. 0o 0. 0. 0. a­
. 0. 02 0 0., 0, 0. 0.1
 
3 0. 0. 0. 00 0. 0. 0.
 
TABLE 2-3 (Continued) 
4 i.442o34E02 1,?20813E-02 2.40501E-02 3.609048Ee02 4.546139E-02 7,274213t-02 5,472782E-02 7o0a8197E-OZ 
5 0 1.44681oEw02 4.243363E-o2 4,855048E972 5:782732E:02 7: 3q0 283E: 02 4.TV4*398E-oa 7.668270r-O?. 
b 0. 0. 3,081l9fE02 2.860041E 02 2.78284dE-02 2.312686t-02 Q.I0 1.90?049E-021-5E-03 

1 0. 0. 0. 2.074634E'02 1,601033E-02 9,463927E-03 9.338287E.04-2*244323FO4 
8 O. o Of O. 1.138675E-02 4,367081L-03-8.300652E-04-3062569E 03 
9 Q. D. 0. 0. 0. 2.505695L-03 *.28365SE-03-310603F03 
10 0. 0. 0. 0. O. 0 -1,353445E-O3-2,799333E-03!
 
I1 a. 0. O. O. 00 0. 0. -2.53?8?2E-03 
12 O. 0. 0. 0. 0 0. O 0. 
13 n. D. 0. 0. 0 0. 0. 0. 
14 o. 0. 0. 0. 00 0. 0. 0. 




GROUP* 9 GROUPSIO GROUP.Ij GROUP.12 GROUPm13 GROUP"
 
1 0. 0. 0. 0. 00 
2 0. 0. ., 0. 0.
 
3 0, 0. 0. 0. 0.
 
4 9.379414E-02 1.26418?E-01 1.532213E-01 4.948089E-02 1.559350E.02
 














12 -3.404649E-O3-4,h24972E-03-2,7 025?E-03 3.737156E-03-9.772475E-04 
13 o. -3.01790E-03.1,936B81E-03 2.771548E-03-5;763488E-04 
i4 0. 0. -1.536543E-03 2.189072E-03-3887040E-04 
lb 0. 0. 0. 1.874016E-03-2.868114E-04
 




4) - COMPTON SCATTER is the group- 6veraged, total, Compton scatter cross 
section in units of barns/electron. 
5) COMPTON ABSORPTION is the Compton absorption cross section in units of 
barns/electron. These data are directly usable as energy absorption data in energy flux 
calculations. 
6) COMPTON SCAT-LOSS is the Compton-scatter-transfer cross section for scatter­
transfer below the lower energy bound of the last (lowest) energy group in units of barns/ 
electron. The data are directly useable as energy absorption data in energy flux calculations. 
7) COMPTON ABS. (E) is the Compton energy-absorption cross section in units 
of MeV-barns/electron. These data are energy-absorption cross sections for use in particle 
flux calculations. 
8) COMPTON SCAT-LOSS (E)is the Compton scatter, energy-loss cross section 
for energy-loss due to scatter-transfer below the lower energy bounds of the last (lowest) 
energy group, in units of MeV-barns/electron. These data are for'use as energy absorption 
cross sections in particle flux calculations. 
The final printed output from a GAMLEG-W problem is the element data and the 
photon transport cross section data. The element data consisting of the photoelectric and 
pair-production cross section library data at the input energy points are printed. These data 
are followed by an edit of the input library data as well as calculated data in the multilgroup 
structure. These group averaged data are tabulated by columns and contain the following 
quantities as a function of energy group:. 
1) PHOTO ELECTRIC ABSORPTION is the photoelectric absorption cross section 
in units of barns/atom. 
2) PAIR PRODUCTION ABSORPTION is the pair-production absorption cross section 
in units of barns/atom. These data, at option, include the pair-production annihilation photons 
as absorbed energy or particles. 
3) ENERGY ABS (PP+PE) is the energy-absorption cross section in units of barns/ 
atom and includes, at option, the pair-production annihilation photon energy. 
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4) ENERGY ABS (TOTAL) is the total energy-absorption cross section in units of 
barns/atom. These data are useable as energy-absorption data for particle flux calculations. 
5) PAIR PRODUCTION TRANSFER is the energy- or particle-transfer cross section 
from the group in units of MeV-barns/atom or barns/atom. 
The photon transport cross section set (or array table) for the P0 data is the next set of 
printed output. These data are in units of barns/atom for the element. The atomic number 
printed before the table identifies the element data. The cross section table consists of a 
column of data for each group of a multigroup set with G groups. The group, g, is defined 
by table position (row) in each column as: 
Table Position Cross Section Type Description 
a The absorption cross section in 
units of barns/atom. 
2 0.0 
3 at 	 total collision cross section in units 
of barns/atom. 
4 g the self- or within-group particle 
,gg or energy scatter-transfer cross 
section 
5 	 the scatter-transfer cross section 
,g-Il-0"g from group g-l to group g 
6 
G+3 'g-G+l-*-G the scatter-transfer cross section 
from group g-G+1 to Group G 
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® stronaclear ( Laboratory 
The scgtter-transfer cross section table positions contain zero except where a possible 
scatter-transfer into a group exists. 
The P2 cross section data for 2>0 contain zero entries in the a and a table posi­
tions for each group. The P, scatter-transfer cross section table corresponds to the P0 data 
in format. NOTE: The P. , for 2 >0, cross section data from GAMLEG-W contains the (22 + 1) 
term. These Pp data are directly useable in the ANISN-W and DOT-IIW'codes. 
The sample problem output in Table 2-3 illustrates a single element GAMLEG-W 
problem. If a multiple element problem is run, the P0 data for all elements are printed 
followed by Pe data for all elements for order 2 = 1, 2, 3, etc. This output format is 
necessary due to the cyclic calculation of the data. 
2.5.2 Tape Output Description 
Magnetic tape output from a GAMLEG-W problem consists of 1)a multilgroup, 
photon transport cross section tape in a format consistent with the ANISN-W, DOT-IIW, 
SATURN (5), and APPROPOS (5 ) codes, and if a.punched card library is input, 2) a library 
tape of pair-production and photoelectric cross section data in a form consistenf with the 
GAMLEG-W, SCAP(6 ), KAP-VI6), and MAP(4 ) codes. The multigroup, photon cross section 
output tape is written in the binary mode on 10 in the following format: 
Tape Record No. Description 
A two-word record containing 1) the number 
of cross section sets on the tape (which is 
equal to the multiple of the input quantity, 
N MAT, times the number of Legendre (P ) 
expansion coefficients (e+ 1), 2) the tape 
identification word, IDT, which is GAMLEG-W 
input data. 
A twelve-word binary record identifying the 
cross section data. The twelve words are: 
1) The number of table positions, IG-1 + 3, 
where IG is GAMLEG-W input data. 
2) The number of energy groups, IG-1. 
3) The position of the total cross section in the 
cross section table (equal to 3). 
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4) The set identification number NSET derived 
from the input variables, IZ, the element 
sequence number, m, in the problem, and the 
P2 order, 2, as follows: 
NSET = m + (e -1) * IZ 
5-12) Eight blank words. 
3 A binary record containing (IG-I + 3) * 
(IG-1) words of cross section data. These 
data are in the order of all table positions 
for group 1, all table positions for group 2, 
etc. 
All even-numbered records on the tape are the set identification data; all odd­
numbered sets greater than I are the cross section data. As stated earlier, the P0 data for 
all elements are the first records on tape followed by the P1 data for all elements, the P2 
data for all elements, etc. 
The library data tape produced by GAMLEG-W consists of the punched card library 
used as input to a GAMLEG-W problem. This data tape is a binary tape produced in 
GAMLEG-W problems 	for use in the KAP VI , MAP, or SCAP codes. The tape format is: 
Tape Record No. 	 Description 
A one-word record containing the input variable, IZ, which is 
number of sets of photoelectric and pair-production data on 
the tape. 
2 	 A twelve-word (48 characters) record containing an alpha­
numeric identification title of the library element cross section 
data. 
3 A three-word record containing:
 
1) the number of energy points, IA, in the element library
 
data, 
2) the atomic number (electrons/atom) of the element, and 






A record containing IA 	values of the energy corresponding to 
the pointwise, photoelectric and pair production data for the 
element. 	 These data are in units of MeV. 
5-	 A record containing IA values of the pointwise, pair-production 
cross section data corresponding to the energies in record 4. 
These data are in units of barns/atom. 
6 	 A record containing IA values of photoelectric absorption cross 
section data corresponding to the energies in record 4. These 
data are in units of barns/atom. 
Tape Records 2 - 6 are 	repeated for IZ sets of element'data. 
2.5.3 	 Punched Card Output 
At user option, the P, photon transport cross section data for all elements in a 
GAMLEG-W problem can be obtained on punched data cards. These punched card data 
consist of a title card for each set (which identifies its Pe order and. the atomic number) as 
follows: 
P (0) CROSS SECTION 	TABLE ATOMIC NUMBER = XX.XXXX 
This card' is followed by the P2 photon transport cross section data in a (6E12.5) FORTRAN 
format for all table positions and groups. 
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2.6 CODE LOGIC 
The general code logic used in the GAMLEG-W calculation of photon transport cross 
section data is presented in this section. A description of the subroutines in the GAMLEG-W 
code and their function in the overall code logic is described. 
2.6. 1 Description of Calculation Procedure 
The GAMLEG-W code consists of main routine and 5 subroutines. These subroutines 
perform specific, repetitive functions in the calculation of photon transport cross sections. A 
description of the numerical techniques used in the GAMLEG-W code is described in Section 
2.7. The general code logic in the GAMLEG-W code is shown in Figure 2-1. As shown, the 
sequence of calculations involves four principal operations: 
1) Calculation of group-averaged Compton scatter data, group flux and source 
integrals, and group average energies; 
2) Calculation of multigroup, Ps Compton scatter-transfer cross sections for order 2; 
3) Calculation of group-averaged photoelectric and pair-production absorption 
data for elements; and 
4) Calculation of the complete, Pe cross section table. 
As shown in Figure 2-1, the code calculates all element data for each order 2 of P0 . This 
cyclic operation produces the photon transport cross section data for all elements, m, from 
I to M (M is the input variable IZ). The complete set of element data for P0 data is followed 
by a complete set of P1 data, a complete set of P2 data and so on until all Pe cross section 
data of order .0(input variable, NMAX, is equal to I + 1) is calculated. 
The code logic maximizes the capability of the code (i. e., number of elements, 
number of groups, order of PX , order of numerical integration) with a minimum requirement 
of computer capability. 
2.6.2 Description of Subroutines 
Calculations performed in each of the five subroutines used by GAMLEG-W are 







Evaluate Group Flux andSSource Integrals, and 
Grop Average Energies 
and,COMPTON Scotter 
Data ISSet P Order, I=0 I 
I 
P, Scatter Transfer Data 
and Print Group Averaged 
P Caompton Scatter Dat 
0 -
SSet Element Sequence No.,m=1' 
SRead Input-(Cards or Tape)J 
Element Dependent Data I 
(Photoelectric & Pair Pro­
dueflon) end E~olu.te 
Gro Averaaes 
Form P, Cros Sectio~n 
TableOutput 
piceP Cross 
=Section Ucto an 
Files 
]ncrement Element KSequence No., m MlJ 
[,°oreoent , Order, f -1 
Figure 2-1. GAMLEG-W Code Logic 
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and are used only by the main 	routine during the four major steps of the code. The subroutines 
are as follows: 
Subroutine 	 Principal Operation 
AL 	 Performs a search of the tabular data to select the values of 
the dependent- and independent-variables bounding the 
desired value and calculates the interpolated value based on 
linear interpolation in the logarithm of the dependent and 
independent variables (log-log interpolation). 
ARG 	 Calculates the Pe scatter-transfer cross section for scatter from 
the incident energy to the scattered energy based on the 
differential form of the Klein Nishina equation for inelastic 
scattering of a photon with a free electron. A generalized, 
recursionrelationship for Legendre polynominal coefficients 
is used. V 
SIGMAS 	 Calculates the Compton cross section at an energy from the
 
Klein Nishina equation for the inelastic scattering of a photon
 
with a free electron.
 
SIGMAC 	 Calculates the Compton cross section at an energy from the 
Klein Nishina equation for the inelastic scattering of a photon 
with a free electron. 
SIMP Calculates the integral value of a set of equally-spaced 




2.7 METHOD OF SOLUTION 
The GAMLEG-W code is a revised version of the GAMLEG code. The revisions 
include- revised procedures of: 1)Compton cross section weighting, 2) calculating scatter 
cross section data, 3) numerical integration, and 4) input and output of photon cross section 
data. The basic code logic of the original GAMLEG code was not altered; but the numerical 
techniques used to-calculate group-averaged, photon cross section data for discrete ordinate 
photon transport were extensively revised. 
The original GAMLEG code is described in Reference 1. In addition, a derivation 
by Evans(2 ) of the Klein-Nishina equations from the differential-scattering cross section for­
photons given by Evans is given in Reference 9. The numerical integration method in 
GAMLEG-W (using Simpson's rule) was adapted from Reference 8; detailed comparisons of 
the MUG (10 ) and GAMLEG-W constants and calculated results were made. 
The GAMLEG-W calculation is divided into the calculation of group averages of 
the weighting functions, Compton scatter cross sections, absorption cross sections, and the 
formation of the photon transport cross section tables. 
2.7. 1 Group Averages of the Weighting Functions 
The initial calculations performed by the GAMLEG-W code are the preparation of 
group energies and weighting functions into a form consistent with the calculation of group 
average cross sections. The input group energy bounds, Eg, and the input flux7 and source­
pointwise energies, E., are converted from the input data units, in MeV, to units of electron 





a.= E. 21 /2 m C 
where m c20. 5 10977205 and, 
mo = is the electron rest mass, 
c = -isthe velocity of light 
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The weighting functions used for performing group averages are, obtained from GAMLEG-W 
input data as a function of the desired output form specified by the user as 1) energy transfer 
(input variable NPF = 0) or 2) particle transfer (input variable NPF = 1)and 3) the form of 
the input data (input variable KON = 2, -1, 0, 1, 2). The weighting function, f (a ), is 
n 
calculated as a function of the equally-spaced energy points within each group defined as: 
a n= ( (n-l) +'g 
where a9 +1 is the upper energy bound of the group 
g is the lower energy bound of the group 
N is the order of numerical integration 
an are the equally spaced energy values from n = 1 to n = N + 1 
At each of the energy points, a n, the weighting function is calculated from the input flux 
or source data, I(a i), N (a i), S(Ca), and s( a.i).from , tog-log interpolation 
of the tabulated input data. The weighting function f( a ) is then defined from the inputn 
variables, NPF and KON, as: 
If KON = 0 and N PF = 0 or-I (Uniform or Flat Weighting) 
f ( = 1.0 
If KON = +1 or +2 (Source Weighting) 
f (a n) S P n), KON= I and NPF = 0 
f (a) S (an)/a KON I and NPF - I 
f(an) -(a n), KON =2 andNPF =I' 




If KON = -1 or -2 (Flux Weighting) 
f(a n) = I(a n), KON=I and NPF=Q 
=
f(a I(a )/a KON=-1andNPF I 
=
f(a N (a n), KON =-2andNPF I 
)=f(a N (a n)*a KON =-2andNPF=0 
All numerical integrations in the GAMLEG-W code are performed with the SIMP 
subroutine (8 ) using Simpson's rule. The following integrals are computed b GAMLEG-W 
and are provided as printed output data: 





2) Group average energy,
 
"=m oc2 L ga f(
 























 a -d 
9 9 
2-39 
2.7.2 Compton Scatter Cross Section Calculation 
The calculation of the Compton scatter cross section involves the determination of 
the group-averaged, Compton total scatter, Compton absorption, and Compton energy­
scatter-transfer or particle-scatter-transfer cross sections. 
These calculations are based on the Klein Nishina equation for the inelastic 
scattering of a photon with a free electron. All data are in units of barns/electron. The 
Klein Nishina equation for the Compton total cross section at energy, an, is as follows: 
Compton Total Scatter Cross Section: 




n)where: a cs ( is the Compton total scatter cross section at energy, an' 
2 
C is the constant, 7r r0 , where r0 is the classical electron 





Compton Absorption Cross Section: 2 
T (a )= Ur (a n) C* f + (An+( 2 anAn +a nca n Cs na3 a2 3A 
n n n n 
where: cc a n) is the Compton absorption cross section at energy, an, and 






Compton Scatter-Transfer Cross Section to Energy, a 'n; 
a(a . )=C* B*[n +li:-a'C$( n-+ 9 n ao. nn 
where: 
p is the cosine of the scattering angle, 9,
1 1 
pcosg l+- -­
a a'n n 
a ( a-- a n) is the scatter-transfer cross section from energy, 
an , to energy ani 
C is defined above, and 
B is the ratio of the scattered energy a ' to the initial 
n 
energy, a n' for energy-scatter-transfer cross sections, 
or 1.0 for particle scatter transfer cross sections 
The group average Compton scatter cross sections calculated by GAMLEG-W 
are: 
Group Average Compton Scatter Cross Section, acs 
S 





Group Average Compton Absorption Cross Section, a : 
g f(a) aca(a )da 
L 
aO.=a f 
In addition to the above cross section data,the GAMLEG-W code calculates 
an energy-or particle-loss cross section for each group for scatter-transfer below the lowest 
energy group low energy bound cs follows: 
2-41 
ci 
Group Average Compton Scatter-Loss Cross Section, ag ; 
u aL 





where a 1 is the Compton scatter loss 
a 
a is the lowest energy to which a photon can scatter, ao = ­
a is the lower energy bound of the lowest energy group. 
G 
The Compton absorption and Compton scatter-loss sections above are usable 
as energy absorption data only when energy flux calculations are performed. The group­
averaged Compton absorption and scatter-loss cross section data for use in energy absorption 
when particle flux cross sections are obtained in GAMLEG-W as follows: 
ca 
aaGroup Average Compton Energy Absorption Cross Section, 
u2 Q 
mo0c af(a ) aca(a )daca ca 
Wao fa \a 
f 
cl




S mof g a f(a) JG cs a ra 





The Compton cross section data discussed above are printed output from GAMLEG-W. 
Group average Compton scatter-transfer cross sections for use in multigroup photon 
transport calculations with anisotropic scattering are obtained by numerical integration of the 
Compton scatter-transfer cross section for the specified multigroup structure. These scatter­
transfer cross section data are obtained for energy scatter-transfer or particle scatter-transfer 
according to the GAMLEG-W input data. The numerical integration of the scatter-transfer 
cross sections involves 1) the integration over the energy group to which a photon scatters, 
and 2) performing group averages of this scatter-transfer cross section in the energy group 
before scattering. The P0 group average scatter-transfer cross section for energy scatter­
transfer is as follows: 
Group Average Compton Energy Scatter-Transfer Cross Section From Group g to Group h, as 
sO h 
u u 
Ls a csfasO g__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
g f 
where;i 
whe1if I +2-' < a < a, or
 
5 0 for all other conditions.
 
The general form of the higher order terms of the Legendre expansion of
 











(22 + 1) P(p) as(a--a') d a' d a 
c 
s aS ah 
= 
ag*h fg 
where a is defined above, 
I is the P2 order 
P2 ( ) is the Legendre polynomial coefficient of order 2 
p is the cosine of the, scattering angle ,defined in Klein Nishina 
scattering as: 
+ 1 1__ 
a at 
The particle scatter-transfer cross sections are of the same general form 
a' 
except that the term -', is set to 1.0 to generate all P scatter-transfer data. 
Absorption Cross Sections 
Photoelectric and pair-production cross sections for use as absorption or scatter­
transfer cross section data are obtained from pointwise values of these cross sections supplied 
as GAMLEG-W input. Pointwise cross section and corresponding energy data supplied for 
each element are used to perform group averaging of the absorption cross section data over 
the weighting function. The value of the pair-production or photoelectric cross section at 
each energy point is obtained from an interpolation between the nearest two input point values. 
The interpolation technique assumes that the cross section intermediate to the two point values 
varies linearly on a logarithmic scale for both the cross section and energy (log-log scale). 
Use of this technique requires that both values of the input pointwise cross section data nearest 





value is set to zero and execution is terminated with an error message. The calculation of 
the absorption cross section involves the computation of the pair-production absorption cross 
section, the photoelectric absorption cross section, and, at user option, the pair-production 
cross section for the generation of the pairof0.511'MeV annihilation photons as scatter­
transfer event. The GAMLEG-W code calculates the group average of these cross sections 
for energy or particle scatter-transfer cross section as follows: 
Group Average Photoelectric Absorption Cross Section, ape 
a 
g f (a ) [ (a0 ) dapef L 
ag = 
where ae (a)u 0. i nterpolated value of the photoelectric cross 
section 
PpGroup Average Pair Production Absorption Cross Section, a aor 
u 
where 6 = 0.0; if no pair of 0.511 MeV photons are produced 
(user option) 
= 2=0; if a pair of 0.511 MeV photons are produced 
and particle scatter-transfer data is requested. 
2°=*0 ; if a pair of 0.5 11 MeV photons are produced 
a 
and energy-scatter-transferdata is requested. 
a (a) is the interpolated value of the pair-production pp 
cross section 
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Group Average Pair Production Scatter-Transfer Cross Sectiop, a PPt 
aU 
Sg fa) o pp(a )da 
Lpp, t 
a g f 
vhere: 
6 is defined above 
C=OoO if a h ( 1.0 cr 
Lh
ah > I0 
C=40 if u
ah > l.0 and 
L
ah 1.0 
In addition to the above calculation of absorption cross sections, the GAMLEG-W code 
calculates the energy-absorption photoelectric and pair-production data, and the total 
energy absorption data for use in the calculation of energy deposition in particle flux calcu­
lations. These data are group averaged quantities as follows: 
pe + pp, a 
Group Average Energy Absorption (Photoelectric and Pair Production) Cross Section, 1EO 
U 
mc f' f(a )[a- 6] PR(a ) da 
-pe +pp, aE a 







oJaL f(a )d 0 pe (a )dcx 
f
 
where ' 0.0 if no pair production is allowed 
= 2.0 if pair production is allowed 
a
 
Group Average Energy Absorption (Total) Cros Section, E aS
 
'Eoa = T ape +pp'a+z7-Fc +E a cl
 
9 9 \~ 9 9/)
 
where;Z is the electrons/atom of the element 
The above element-dependent cross section data are printed output from the 
GAMLEG-W code and is used in forming the P0 transport cross section table. 
Transport Cross Sections 
The final output data from the GAMLEG-W code consist of a combination of the 
Compton.scatter cross section data and absorption cross section data, as described previously. 
The multigroup data are prepared in units of barns per atom for each element. The P cross 
section table consists of the absorption, total, and scatter-transfer cross sections as follows: 
a
 
Absorption Cross Section, gm.
 
a pp, a + pe
 
g Im 9 9
 
+Zm* SI ca + 2 0g 
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a 
where; a is the absorption cross section for element, m, g, m 
Z m is the atomic number (electrons/atom) of the element, m, 
6] is 1 if'energy scatter-transfer data is calculated, and 0 
if particle scatter-transfer data is calculated 
G is the total number of groups 
82 	 is I if the Compton scatter-loss below the lowest 
group is calculated, and 0 if Compton scatter­
loss is ignored 
t 
GTotal Cross Section, agm 
cst a + 
gm gm m h-g g h 
Scatter-Transfer Cross Sections, hso, 
sh..m=: 	 cs a Pp, t 
0 m m --- gh g 
where 4 	 is 1 if h is the group which bounds 0.511 MeV or 0 
otherwise. 
-The inclusion of pair-production as an isotropic, scatter-transfer cross section and 
Compton 	 scatter-loss as an absorption are both options to the user. 
The higher order scatter-transfer cross sections, P1 for R> 0, consist of the scatter­
transfer cross sections in units of barns/atom in a similar fashion to the P0 scatter-transfer data 
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O Astrnuclear ( Laboratory 
3.0 APPROPOS CODE 
In the analysis of nuclear reactor systems, an efficient technique for preparing 
multigroup, cross-section data in the required format for discrete ordinate transport as well 
as Monte Carlo computer codes is required. The APPROPOS code provides this needed tech­
nique. APPROPOS prepares multigroup, simultaneous, neutron-photon cross section data and 
neutron reaction cross section data for radiation transport codes. The APPROPOS code processes 
multigroup, neutron cross section data and multigroup, neutron reaction cross section data (e.g., 
radiative capture, fission, inelastic scatter, and elastic scatter) to provide spectral-weighted, 
neutron cross section data in a reduced number of energy groups. These data are then processed 
with input specified elemental atom densities, gamma ray production data due to neutron reactions, 
and photon cross section data to provide.macroscopic, coupled, neutron-photon cross section data, 
neutron cross section data, and photon cross section data. Output data from the APPROPOS code 




3. 1 COMPUTER CODE SYNOPSIS 
1. Name: APPROPOS (1) 
2. Computer: The code is designed for the UNIVAC-1108 computer. 
3. Nature of Physical Problem Solked: APPROPOS prepares multigroup, simultaneous, 




4. Method of Solution: The APPROPOS code processes multigroup, neutron cross 
section data and multigroup, neutron reaction cross section data (e.g., radiative capture, 
fission, inelastic scatter, and elastic scatter) to provide spectral-weighted, neutron cross 
section data in a reduced number of energy groups. These data are then processed with input 
specified elemental atom densities, gamma ray production data due to neutron reactions, and 
photon cross section data to provide macroscopic, coupled, neutron-photon cross section data, 
neutron cross section data, and photon cross section data. Output data from the APPROPOS 
code are placed on punched cards and/or magnetic tape for use in the ANISN-W (2 ), DOT-IIW(3 ! 
or NAGS(1 ) codes. 
. 5. Restrictions on the Complexity of the Problem: The APPROPOS computer code 
utilizes flexible dimensioning to facilitate efficient core data storage allocation. Because 
of the variable dimensioning technique, on any given data array, no sized restriction is imposed; 
only a size restriction on the length of the sum of all arrays is imposed. The amount of core 
data storage for a given problem may be exactly computed as indicated in the documentation. 
Because.the code utilizes specific, user-supplied libraries of data, the structure and limitations 
of these libraries must be consistent with other input data parameters. 
6. Typical Running Time: The APPROPOS code processes approximately 2 composi­
tions per second of UNIVAC-1 108 CPU time. Each composition, in this example, contains 
16 neutron groups, 13 gamma ray groupsa P1 cross section scatter approximation, and approxi­
mately 6 elements per composition. The large amount input/output requires approximately a 
factor of 3-5 greater elapsed time for the majority of problems. 
7. Unusual Features of the Code: Use of flexible dimensioning and the processing 
of the data in an efficient manner with regard to available core storage constitutes the major 




8. Related or Auxilary Programs: Neutron and photon cross sections may be 
provided bythe GAMB1T (4 ) and GAMLEG-W (1 ) codes, respectively. Photon production 
data may be generated with the POPOP4(5 ) code. Output data from the APPROPOS code 
are admissable to the one-dimensional ANISN-W, and the two-dimensional DOT-IIW discrete 
ordinate transport codes. A punched card library of photon production data and selected 
nuclear parameters is prepared for the NAGS
(1 ) data processing code. 
9. Status: The code is in production use at the Marshall Space Flight Center 
(MSFC). Users at MSFC load the code from a tape with control cards followed by user's 
input data. 
10. References: 
1. R. G. Soltesz, R. K. Disney, and S. L. Zeigler, WANL-PR(LL)-034, 
Volume 3, "Cross Section Generation and Data Processing Techniquesi"
August 1970. 
2. 	 R. G. Soltesz and R. K. Disney, WANL-PR(LL)-034, Volume 4, "One-
Dimensional, Discrete Ordinate Transport Technique," August 1970. 
3. 	 R. K. Disney, R. G. Soltesz, J. Jedruch, and S. L. Zeigler, WANL-PR(LL)-034, 
Volume 5, "Two-Dimensional, Discrete Ordinate Transport Techniques," 
August 1970. 
4. 	 G. Collier and G. Gibson, WANL-TME-1752, "GAMBIT Program," 
April 1968. 
5. 	 W. E. Ford, III, and D. H. Wallace, USAEC Report CTC-12, "POPOP4-A 
Code for Converting Gamma-Ray Spectra to Secondary Gamma-Ray 
Production Cross Sections," May 1969. 
11. Machine Requirements: The APPROPOS code is in production at MSFC 
on the UNIVAC-i 108 computer with 65K core storage locations. The program requires 
approximately 30K decimal location for the program; the remaining 35K decimal locations 
are available for problem data storage. Up to 10 tape or disk devices are required in 
addition to input, output, and punch disks. However, no more than six data tapes are ever 
required; all other files may be assigned to disk storage. 
12. Programming Language Used: The APPROPOS code is written in standard, 
USASI FORTRAN- IV. 
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13. Operating System or Monitor Under Which Program is Executed: The 
APPROPOS code is operational under the UNIVAC-i 108, EXEC8 Monitor System at MSFC. 
14. Other Programming or Operating Information or Restrictions: None. 
15. Name and Establishment of Authors: 
R. K. Disney and R. G. Soltesz 
',Westinghouse Astronuclear Laboratory 
P. 0. Box 10864 




3.2 INPUT DATA DESCRIPTION 
3.2.1 Input Format 
The input data for the APPROPOS code are divided into the following four 
sets of data: 
1.Overall problem storage allocation, problem descriptive title, and problem 
size specifications and options; 
2. Fine-group to-broad-group cross section weighting data; 
3. Library data; and 
4. Composition data. 
All input data for the APPROPOS code are entered in a fixed, FORTRAN 
format for each card. With the exception of the library data, all input data are entered in 
6 fields per card where each field contains 12 columns . Integer data must be entered as 
right adjusted* within each field. Floating point data may be written with or without an 
exponent and with or without a-decimal point. 
3.2.2 Input Data Instructions 
This section is to be used as a guide in preparing problem input data (Table 3-1) 
'for the APPROPOS code. Other sections present a more detailed description of the data 
presented here. The quantity in slashes represents the condition requiring input of a 
particular array or variable. Arrays or variables which are not required should not be entered. 
If no condition is specified, the array or variable is required. 






INPUT INSTRUCTIONS FOR THE APPROPOS CODE 
Data Set 1 - Overall Problem Storage AllocationProblem Title, 
Problem Size Specifications, and Options 
Card 
No. Format Column Variable Description 
(6X, 16) 7-12 MAXCOR Maximum number of core locations available 
for APPROPOS data (i. e., MAXCOR = 3500010 
on the UNIVAC-1108, EXEC 8 Computer with 
a 65K core memory storage available) " 
2 (18A4) 1-72 TITLE Title card describing the overall APPROPOS 
problem 
3 (6112) ---- ---- Neutron Broad-Group Structure Specifications 
(Output Group Structure): 
1-12 NGN Total number of neutron broad-groups 
-34 NFG Number of fast neutron broad-groups 
2 36 NIG Number of neutron broad-groups with neutron, 
inelastic scatter gamma ray production data 
37-48 NCG Number of neutron broad-groups with neutron, 
radiatfie capturegamma ray production data 
49-60 NTABN Neutron broad-group table length of transport 
code cross section output data 
61-72 NPLN - P,. scattering approximation for neutron cross 
section output data 
4 (6112) ---.---- Gamma Ray Group Structure Specifications 
(Output Group Structure): 
1-12 NGG Total number of gamma ray groups 
13-24 NTABG Gamma ray table length of transport code 
cross section output data 
25-36 NPLG P? scattering approximation for gamma ray 





TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
5 (6112) ---- ---- Library, Composition, Element, and Weighting 
Spectra Specifications: 
1-12 NLE Number of sets of element data in the gamma­
ray production and nuclear parameter library 
if NAPL= 0 or 1 (If NAPL= 2, NLE = NAA) 
13-24 NAA Number of different elements in the entire 
problem (NAA determines the total number of 
different elements in the gamma-ray transport 
cross section data to be read from tape) 
25-36 NME Maximum number of elements or isotopes that 
will be entered in any given composition (Note 
If an element is requested twice within a compo­
sition, it must be counted twice for NME) 
37-48 NMR Total number of compositions in the problem 
49-60 NSP Total number of spectra to be used in spectral­
weighting of microscopic, fine-group data 
64-72 NAPL Source of APPROPOS library data: 
NAPL = 0: Input from cards 
NAPL= 1: Input from cards and placed 
behind reaction rate data on 
Tape 10 
NAPL =2: Input from library Tape 10 
6 (6112) ---- ---- Code Logic Specifications: 
1-12 NOD Transport code cross section output data option: 
NOD = 1: Neutron cross section data only 
NOD = 2: Gamma -ray cross section data only 
NOD = 3: Neutron and gamma ray cross section 
NOD = 4. 
data only.
Neutron, gamma ray, and coupled 
neutron-photon cross section data 
(for simultaneous analyses) 
Note: If NOD is negative, neutron and/or 
gamma ray energy-absorption data are 
placed in table position 1 
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TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
6 
(cont'd.) 
13-24 NLIB Library and Flux Spectra Input Option: 
NLIB= 0: Composition - independent reaction 




library data; neutron transport cross 
sections in NGN groups are read 
from Tape 8 (not operational) 
Composition - dependent reaction 
rate data input from cards with the 
region data; neutron transport cross 
section sections for NGN groups 
are read from Tape 8(notoperational) 
Composition - dependent reaction 
rate data input from Tape 10; neutron 
transport cross sections for NGN 
groups are read from Tape 8(hot 
operational) 
Flux spectra tape from a previous 
APPROPOS problem is input on Tape 4 
NLIB= 4: 
N LIB = 5: 
NLIB = 6: 
Output flux tape from an ANISN-W 
problem is input on Tape 17 
Output flux tape from two ANISN-W 
problems are input on Tapes 17 and 18 
Fine-group flux spectra are input from 
cards (NSP sets) 
25-36 NTRIG Output Data Option: 
NTRIG = 0: Library and composition data for 
NAGS, and transport cross sections 
for DOT-IIW and ANISN-W punched 
on cards 
NTRIG= I: Ubrary and composition data for 
NAGS punched on cards; transport 
cross sections for DOT-IIW and 





TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
6 37-48 NPRIN Output Data Print Option: 
(Cont'd.) NPRIN 0: Input parameters frorn Data Set 1, 
spectral-weighting specifications, 
element identification list for the 
problem, library data, composition 
parameters, microscopic reaction 
rate data for each element in a 
composition, macroscopic neutron 
cross sections, macroscopic photon 
cross sections, simultaneous neutron­
photon cross sections, and an edit of 
the contents of output Tape 14 
NPRIN 1: All the information for NPRIN = 0 
as well as microscopic neutron and 
photon transport cross sections for 
each element in a composition 
NPRIN = 2: All the information for NPRIN = 0 
and I as well as broad-group reaction 
rate data and transport cross sections 
by element, and microscopic photon 
cross sections as read from Tape 2 
49-60 NUP Number of upscatter cross section positions in 
the final, coupled neutron- photon transport 
cross section data. 
61-72 NDOWN Number of downscatter cross section positions 
in the final, coupled neutron-photon transport 
cross section data. 
NDOWN = (NGN + NGG-1); If NOD / 4, 
NDOWN = 0. 
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TABLE 3-1 (Continued) 
Data Set 2 - Fine-Group to Broad-Group Cross Section Weighting Data 
Card 
No. Format Column Variable 








Fine-Group to Broad-Group Neutron Cross 
Section Weighting and Collapsing Specifica­
tions:/If NLIB>3/ 
Number of sets of microscopic, element data to 
be read from Tape 8 and Tape 10 in the weight­
ing and group-collapsing calculation (For 
example, if 15 different elements are to be 
weighted, and each element uses the P0, -P ' 
and P2 data, then NMC would equal 3 x 1, 
or 45. If each element is to be weighted over 
two different spectra, as well,- then NMC = 90) 
Total number of fine-groups in the microscopic 
neutron cross section libraries (Tapes 8 and 10) 
Number of fast groups in the fine-group neutron 
cross section libraries 
Position of Z . or Z tr (total or transport-corrected 
cross section) in the fine-group transport cross 
section library data 
Position of Z (within-group or self-scatter 
cross sectionfgfn the fine-group transport cross 
section library data 
Number of table positions in the fine-group 
transport cross section library data, If IHMF is 
negative, then upscatter removal will be done 





TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
8 (6112) 1-12 ]IHSB 	 Position of Z '(within-group or self-scatter 
cross sectjongin the broad-group structure 
before upscatter removal but after group­
collapsing 
13"A24 IHMB 	 Number of table positions in the broad-group 
structure before upscatter removal but after 
group-col lapsing 
25-36 NRW 	 Transport cross section weighting option: 
NRW = 0: Linear weighting 
NRW = 1: Reciprocal weighting 
If an element is represented by P, data, linear 
weighting only is used and NRW is ignored 
9 (6112) 	 ---- Fine-Group to Broad-Group Specifications;/If NLIB_>3/ 
1-12, IGF 	 Broad-group number as a function of fine-group 
13-24, number (for example, 	 1, 1, 1,2 for four fine­
25-36, 	 groups provides two groups of broad-group data 
etc. 	 where the first three groups constitute the first 
broad-group). Enter NGF values 
10 (6112) 	 1-12, IDS Identification numbers for spectra input from 
13-24, Tape 4 or from Tapes 17 and/or 18. /NLIB= 3, 
25-36, 4, or 5/ 
etc. Note that the tape ID numbers when NLIB 3 
are input in the same order as the spectra on 
Tape 4. When NLIB = 4 or 5, the tape ID 
numbers for Tape 17 precede the ID numbers 
for Tape 18 (if input); these ID numbers reflect 
the zone numbers that were used in the ANISN-
W calculations. These ID numbers must be 
entered in the same sequence as appear on 
Tape 4. Enter NSP values 
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TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 




IDS Identification numbers for spectra input from 
cards/NLIB = 6/ Enter NSP values 




XNF Enter NGF values of spectra-for NSP sets of 







TABLE 3-1 (Continued) 
Data Set 3 - Ubrary Data 
Card 
No. Forrat Column Variable 
13 (4112) ---- ----
1-12 IDF(1, n) 
13-24 IDF(2, n) 
25-36 IDF(3, n) 
37-48 IDF(4, n) 
Description 
Microscopic Library Tape ID Numbers: 
(Tapes 8 and 10) /NLIB>3/ 
Identification number of the fine-group, 
macroscopic library, neutron transport, 
cross section elemental data from Tape 8 
Identification number of the corresponding 
fine-group, microscopic library neutron 
reaction, cross section elemental data from 
Tape 10 
Identification number of the spectrum over 
which the fine-group, microscopic library, 
neutron transport and neutron reaction cross 
section elemental data are weighted. The 
value of IDF(3, n) entered here must corres­
pond to one of the IDS numbers entered on 
Card 10 or Card 11 
Corresponding P, scattering qpproximation 
of the fine-group, microscopic library, neutron 
transport, cross section elemental-data specified 
for IDF(1, n). If a P transport-corrected set 
of data is chosen in %F (1, n), then IDF (4, n) 
-1 
Card 13 is repeated for NMC different sets of data. 
:Note: Because the fine-group library data tapes are read.only once, the parameters, IDF (1,n) 
and IDF(2, n), must be entered ,in the sequential order in which they appear on Tapes 8 and 10, 
respectively. If a particular elemen t or isotope is to be weighted over more than one spectra, 
that-set of elemental data is repeatedly entered 	until all desired spectra are requested. 
14 (E1,2. 5). 1-12 - -CONST 	 Normalization constant for energy deposition 
data; e.g., CONST= 1.603 x 10-13 watt-sec/Mev 
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TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
15 (6112) 1-12, LAL GAM ID numbers for each different element 
13-24, in the problem in order of increasing GAM ID 
25-36, number (NAA values). These ID numbers are 
etc. used to select the gamma-ray production data 
and selected nuclear data parameters 
If NAPL= 2, the remainder of the library dataareobtained from Tape 10. However, if NAPL 
0 or 1, the following library data are required input from cards: 
16 (14" 1-4 ID 	 The GAM ID number for the element or 
isotope 
E12.4, 5-16 AMU 	 Corresponding atomic mass units of the ele­
ment or isotope 
12X, E12.4, 29-40 GNA r(na); 	the energy (in Mev) of the emitted 
alpha:particles for this neutron reaction. 
GNA = 0.0 if the element or isotope does 
not undergothis reaction 
6X, 16, 46-52 NGAML 	 The corresponding ID number of this element 
or isotope on the GAMLEG-W photon trans­
port cross section tape 
1OX, A6) 63-68 LABEL 	 The corresponding name of the element or 
isotope 
17 (7E10.4) 	 1-10, GA r(n,y); the energy (in Mev) of the emitted 
11-20, photons for this neutron reaction If NCG on 
21-30, Card 3 of Data Set I is 1, then NGG values 
etc. of GA are entered in order of decreasing photon 
energy. If NCG >1. then NGG values for 
each of the NCG neutron broad-groups are 
-entered in order of decreasing neutron energy 








No. Format Column Variable Description 
18 (7E10.4) 1-10, GI F(n; n'y); the energy (in Mev) of the emitted 
11-20, photons for this neutron reaction. NGG values 
21-30, of GI are entered in order of decreasing photon 
etc. energy for the highest neutron energy broad­
group. The pattern is repeated for the next high­
est neutron energy broad-group until NIG neutron 
energy broad-groups of data have been entered 
(NGG x NIG values). The data are entered on 
continuous cards. The code assumes that the 
first of the NIG groups corresponds to the first 
broad-group, etc. 
19 (7E10.4) 1-10, SNA - (n,a); the microscopic,cross section for this 
11-20, neutron reaction (NGN values). The data are 
21-30, entered in order of decreasing neutron energy 
etc. 
20 (7E10.4) 	 1-10, URHO p,./P ; the microscopic, photon mass-energy 
11-20, a'sorption coefficients for this element or 
21-30, isotope (in cm2 /dm). The data are entered in 
etc. order of decreasing photon energy (NGG values) 
If NLIB = 0, Cards 21 to 24 are required. 
21 (6E12. 5) 	 1-12, SA o-; the microscopic capture cross section for 
13-24, this element or isotope which includes tr(n,y), 
25-36, 0"(n; p ,y), and-a(n; a,y) reactions (in barns/ 
etc. atom). The data are entered in order of decreas­
ing neutron energy (NGN values) 
22 (6E12.5) 	 1-12, SF a the fission cross section for fissionable iso­
,13-24, topes (in barns/atom); non-fissionable elements 
25-36, or isotopes contain zeros for this cross section. 
etc. The data are entered in order of decreasing 
neutron energy (NGN values) 
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TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
23 (6E12. 5) 	 1-12, 13-4,eA SE a . eff' the "effective" energy deposition
 
13-24, cross section for this element or isotope (in
 
25-36, barns/atom). See the Detailed User Informa­
etc. tion Section for a description of this cross
 
section. The data are entered in order of 
decreasing neutron energy (NFG values) 
24 (6E12.5) 	 1-12, SI o ,; the total inelastic scattering cross
 
13-24, sedon for this element or isotope (in barns/
 
25-36, atom). The data are entered in order of
 
etc. decreasing neutron energy (NFG values)
 
Cards 16 to 24 are repeated for each element in the gamma-ray production and nuclear parameter 
library (N LE sets). 
25 (7E10.4) 	 1-10, GPF r (n;f) ; the spectrum of energy (in Mev) 
11-20, from th rprmmTfpt fission of U-235 (NGG values). 
21-30, The data are entered in order of decreasing 
etc. photon energy 
26 (7E10.4) 	 1-10, GDF r (n; 0, .;the spectrum of decay energy11-20, 	 (inMe fission of U-235 for a particu­
21-30, lar reactor run time (NGG values). The data 
etc. are entered in order of decreasing photon energy 
27 (7E10.4) 	 1-10, Neutron dose rate conversion factors (NGN
 
11-20, values). The data are entered in order of de­




28 (7E10.4) 	 1-10, UGB Upper lethargy bounds of the broad-group,
 
11-20, neutron energy structure (NGN values). At
 
21-30, 10.0 Mev, the lethargy is 0.0; at 0.0 Mev,
 
etc. 	 the lethargy is infinite. The data are entered 
in order of decreasing neutron energy 
29 (7E10.4) 	 1-10, DOSEG Photon dose rate conversion factors (NGG
 
11-20, values). The data are entered in order of de­







TABLE 3-1. (Continued) 
Data Set 4 - Composition Data 
Card 
No. Format Column Variable Description 
30 (6112) 1-12 IS Left mesh boundary line number of the NAGS 
composition 
13-24 IF Right mesh boundary line number of the NAGS 
composition 
25-36 iS Bottom mesh boundary line number of the NAGS 
composition 
37-48 JF Top mesh boundary line number of the NAGS 
composition 
Note: The parameters, IS, IF, IS, and JF, 
are only used in the NAGS code to process the 
data; these parameters are not required for the 
DOT-IIW or ANISN-W codes. 
49-60 NREG Identification number of this composition for 
labeling the output cross section tape. To 
obtain a unique cross section output tape ID 
number for each cross section set, allow for 
3*(NPL+I) ID numbers between each composi­
tion for NOD =3; if NOD= I or 2, allow for 
(NPLN+1) or (NPLG+I) ID numbers, NPL is 
the maximum of either NPLG or NPLN 
61-72 NELE Total number of elements or isotopes in this 
composition 
31 (3112) 1-12 IND IND = 1: First or intermediate composition 
IND - 4: Last composition to be input 
Note IND is only used in the NAGS code. 
13-24 NTID1 /If NLIB = 2/Tape ID numberfor broad-group 
cross section data (not operational, enter 
NTIDI = 0) 
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TABLE 3-1 (Continued) 
Card 
No. Format Column Variable Description 
31 25-36 NTID2 /If NLIB = 2/Tape ID number for broad-group 
(Cont'd,) cross section data (not operational, enter 
NTID2 = 0) 
(7A6) 1-48 TITLE 	 Descriptive title fdr this composition; this title 
is placed on the output cross section tape 




E12.5, 13-24 ADEN ,) 	 The corresponding atom density of the element 2 4 
" or isotope in the composition (in atoms/cc x 10 ) 
112 25-36 NID (2, n) 	 The corresponding id6ntification number of 
microscopic library broad-group element or 
isotope data on an internal scratch file. 
NID (2, n) = (IDF (1, m)x 100) + IDF (3, 	m) 
(For example, if zirconium is input, and its 
microscopic tape ID number is 3721, and the 
desired spectra is 12, then NID (2, n) = 372112) 
/NLIB>3/ 
112) 37-48 NID (3, n) The corresponding P. neutron scattering approxi­
mation of the element or isotope. (ifa P0 
transport-corrected set of data is chosen, then 
NID(3,n)=0) /NLIB>3/ 
Note: 1) Card 32 is repeated for each element or isotope in the composition (NELE elements or 
isotopes) 
2) The set of Card 32 data for a composition is entered in increasing order of NID (2, n) 
3) Cards 30 to 32 are repeated for each composition in the problem (NMR sets of data) 





3.3 DETAILED INPUT DATA INSTRUCTIONS 
Presented in this section is a detailed description of selected portions of the input 
data instructions given in Section 3.2.2. The detailed notes in this section reflect the 
availability of the Master Library Tapes (described in Volume 2 of this report) with specific, 
well-defined identification numbers and parameters. However, APPROPOS is a generalized 
code; any equivalent set of self-consistent Master Library Tapes can be used provided they 
conform to the conventional requirements of record format, size, and content. 
3.3.1 Neutron and Gamma Ray Group Structure Specifications 
One of the basic. calculations within the APPROPOS code is the group-collapse of 
the fine-group neutron library data to an input-specified broad-group energy structure. This 
broad-group energy.structure cannot be chosen arbitrarily, particularly if photon transport 
calculations are contemplated. Because the gamma ray production data and selected nuclear 
parameter data library are provided in 16 neutron energy groups and 13 gamma ray groups, 
the broad-group structure specifications on cards 3 and 4 of Data Set 1 must be specified as: 
Card 3 Card 4 
NGN = 16 NGG = 13 
NFG - = 11 NTABG = 16 
NIG = 6 
NCG = 1 
When these parameters are input as specified above, the broad-group structure 
specifications are consistent with the data contained in Master Library No. 6. In addition, 
NPLG should be input greater than or equal to one. If NPLG is input as zero, P data for0. 
gamma ray calculations are used resulting in questionable results because of the implied 
assumption of isotropic scattering for gamma rays. If simultaneous calculations are anticipated, 
setting NPLN = NPLG results in efficient cross section generation in that the APPROPOS 
generates PC simultaneous data for a particular composition where 2 represents NPLN or 
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NPLG, whichever is greater. For example, if NPLN is specified as 0 and NPLG is specified 
as 1 the code generates P0 and P simultaneous data where the P1 neutron table positions 
contain all zeros. 
Finally, all energy-dependent data for the APPROPOS code are input from highest 
energy group to lowest energy group (or in order of increasing lethargy). 
3.3.2 Weighing Spectra 
Four methods of providing fine-group weighting spectra for the APPROPOS code are 
available. They are: 
1) Spectra may be input from cards, (NLIB = 6); 
2) Spectra may be input from tape from an ANISN-W fine-group calculation, 
(NLIB = 4); 
3) Spectra may be input from two tapes from two separate, ANISN-W fine-group 
=calculations, (NLIB 5); and 
4) Spectra may be input from tape from a previous APPROPOS calculation, 
(NLIB = 3). 
These spectra are used to group-collapse the fine-group library data. 
The ANISN-W, one-dimensional, discrete ordinates transport code computes the 
integrated flux for each region in the calculation. These fluxes (or spectra), as well as other 
data, are placed on tape 17 by ANISN-W in the same sequential order as the zone number 
data, i. e., 1, 2, 3.... , IZM. Therefore, when selecting the spectra from the ANISN-W 
calculation, the region numbers desired are input on card 10 of Data Set 2 in the IDS array. 
The user can input two ANISN-W output tapes, if desired, by setting NLIB = 5. With this 
option, region numbers (spectra) are selected from tape 17 first followed by the region numbers 
for the spectra on tape 18. However, the region numbers from fape 18 must be displaced by 
the number of zones contained in the data on tape 17. For example, if IZM =5 for the tape 




Spectra on Tapes 17 & 18 
(Zone Number) IDS, 
Spectra Requested 
Card 10 of Data Set 2 
1 1 
2 2 
Tape 17- 3 3 
4 
5 5 
Tape 18 ­ (12 
6 
7 
1 3 8 
Note that all the spectra from tape 17 need not be requested if they are not needed. 
After the desired spectra are read from tape, the spectra are placed on tape 4 for 
subsequent calculations. The user can save this tape for use in subsequent APPROPOS cal­
culations. Tape 4 spectral data may be input by setting NLIB = 3. Only the ID numbers 
requested from the previous and corresponding spectra calculation are available on tape 4. 
The final method of providing fine-group weighting spectra allows the user to input 
the required information from cards. With this capability, only the imagination limits the 
flexibility of this option (NLIB = 6). A flat spectra, a 1/E spectra, higher moment weighting 
functions, and importance function weighting spectra are but a few of the possibilities. As 
with the other three options, the spectra are placed on tape 4 for subsequent calculations 
within the code so that the user may save this tape, if desired, for subsequent calculations. 
3.3.3 Group-Collapsing and Upscatter-Removal 
Frequently, as in parametric or scoping studies, the need to reduce the fine-group 
data into broad-group data is evident. In addition, upscatter-removal is a desirable capability. 
Both of these computations are performed by the APPROPOS code. 
The technique of group-collapsing has two requirements as follows: 
1) The actual pointwise spectrum in the -region must not differ appreciably from 
the average region spectrum. If the spectrum varies rapidly with spatial position, multiple 
zones should be used to describe the material, and 
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2) The energy bounds of the broad-group data must correspond to the energy bounds 
of the fine-group data. 
The first requirement must be satisfied external to the APPROPOS code when the 
weighting spectra are generated. Generally, rerunning the ANISN-W calculation with 
the group-collapsed and/or upscatter-removed cross sections provides the user with some in­
sight as to whether he has met the first requirement. 
The second requirement is inherently met by the APPROPOS code. By definition, the 
broad-group energy bounds must correspond to a fine-group energy bound. The only loophole 
here is that if the wrong fine-group boundary is specified, an inconsistency results. This in­
consistency only applies to those calculations where the gamma ray library data are required, 
i. e., in coupled neutron-photon cross section calculations. If only neutron transport calcu­
lations are anticipated, the broad-group boundaries may be specified arbitrarily to suit the 
calculation. The fine-group to broad-group correspondence with respect to the Master Library 
Data is given in Table 3-2. 
If the specified broad-group structure will not accommodate the completemultigroup 
scattering matrix, the "extra" transfer coefficients are placed such that they transfer as far 
down (or up) as possible. 
Upscatter removal is accomplished by zone by subtracting the reaction rate'due to 
a.. from the reaction rate due to a. , I where i > i. Thus, the net transfer rate between 
groups j and i is preserved. As in group-collapsing, the firsf requirement'above is equally 
important in upscatter removal. Subsequent ANISN-W calculations can verify the validity of 
the upscatter-removal for a particular geometrical configuration. 
In the APPROPOS code, the flux-weighting, upscatter-removal, and group-collapse 
algorithms are identical to those available in the ANISN-W code. 
3.3.4 Master Library Tape Data Specifications 
The APPROPOS code uses five of the six Master Libraries described in Volume 2 of 






FINE-GROUP TO BROAD-GROUP CORRESPONDENCE 
Fine-Group Broad-Group* Fine-Group Broad-Group 
Number Number Number Number 
1 1 27 11 
2 1 28 11 
3 1 29 11 
4 1 30 11 
5 1 31 11 
6 2 32 11 
7 2 33 12 
8 3 34 12 
9 4 35 12 
10 5 36 12 
11 6 37 12 
12 6 38 12 
13 7 39 12 
14 8 40 13 
15 8 41 13 
16 9 42 13 
17 9 43 13 
18 10 44 14 
19 10 45 14 
20 10 46 14 
21 10 47 15 
22 10 48 15 
23 10 49 15 
24 10 50 16 
25 10 51 16 
26 11 52 16 




Library No. 	 Description 
I 	 Microscopic, 52 group, Transport Corrected, Neutron Cross 
Section Sets for Use in the ANISN-W, DOT-IIW, and 
APPROPOS Codes. 
2 Microscopic, 52 group, P Neutron Cross Section Sets for 
Use in the ANISN-W, DOT-IIW, and APPROPOS Codes. 
3 Microscopic, 52 Group, Reaction Rate Cross Section Sets 
for Use in the APPROPOS Code. 
4 Microscopic, 13 Group, P, Gamma Ray Cross Section Sets for 
Use in the ANISN-W, DOT-IIW, and APPROPOS Codes. 
5 	 Pair-Production and Photo-Electric Gamma Ray Cross 
Sections for Use in the KAP-VI, SCAP, MAP, and 
GAMLEG-W Codes. 
6* 	 Gamma Ray Production Data Due to Thermal Neutron Capture 
and Inelastic Scatter, Selected Nuclear Parameters, and other 
Related Data. 
*On cards or behind 	Master Library Tape No. 3. 
Generally, Master Library No. 6 is behind Master Library No. 3 on a tape; all other 
Master Libraries are on tape as well. Section 3.4.1 describes the specific tape drives on which 
these Master Library Tapes are mounted. 
The data specifications of these tapes, as related to the input data parameters, are 
defined below: 
Master Library 
Number Parameter Card No. Data Set No. Value 
NPLN 3 1 < 3 
NLIB 6 1 > 3 
NGF 7 2 52 
NFF 7 2 32 






Number Parameter Card No. Data Set No. Value 
1 IHSF 7 2 13 
(continued) IHMF 7 2 34 
NRW 8 2 0 
2 NPLN 3 1 0 
NUB 6 1 >3 
NGF 7 2 52 
NFF 7 2 32 
IHTF 7- 2 3 
IHSF 7 2 13 
IHMF 7 2- 34 
NRW 8 2 1 
3 NUB 6 1 >3 
NGF 7 2 52 
NFF 7 2 32 
4 NGG 4 1 13 
NTABG 4 1 16 
NPLG 4 1 _<9 
5 Not Required 
6 NGN 3 1 16 
NFG 3 1 11 
NIG 3 1 6 
NCG 3 1 1 
NLE 5 1 38 
The element or isotope identification numbers for Master Libraries Numbers 1,2, 
and 3 are given inSection 3 of Volume 2of this report; the GAM element or isotope 


















































































LIST FOR MASTER LIBRARY NUMBER 6 
Atomic 
Name Mass Units 
HYDROGEN 1.0080 
BERYLLIUM 9.0122 




































*The GAM element ID number is required as input on card 15 of Data Set 3 as well as on 




3.3.5 Composition Data 
Before proceeding, note the following definitions: 
1) A REGION is defined as a geometric section of a reactor model, 
2) A COMPOSITION is a homogeneous mixture of elements or isotopes associated 
with a region, and 
3) The same composition may be used in more than one region. 
The parameters, IS, IF, JS, and JF, on card 30 of Data Set 4 are actually used by 
the NAGS code to define a region. When a one-dimensional calculation is anticipated, IS 
and IF (or JS and JF) in the transverse direction to the calculation are input as I and 2, 
respectively. If the user hasn't defined the mesh description for subsequent analyses yet, the 
APPROPOS code can be run with these parameters input as zero. Later, the punched card 
output from the APPROPOS code can easily be modified, by hand, to insert these parameters 
required by the NAGS code. 
The parameters, NID (I, n), ADEN (n), NID (2, n), and NID (3, n) on card 32 of 
Data Set 4, completely specify the composition. The atom dcbnsities of the constituent elements 
or mixtures are specified by NID (1, n) and ADEN (n). The spectral dependence of the element 
or isotope Is specified by Nib (2, n) and the P scattering approximation isspecified by NID 
(3, n). Therefore, these four parameters provide considerable flexibility in preparing the data 
for a composition. 
3.3.6 Core Storage Requirements 
The core st6rage allocation for the APPROPOS code is actually redefined three times 
during a calculation. If any of these storage allocations exceed the available number of core 
data storage locations, MAXCOR, execution of that phase of the calculations cannot be done. 
The core storage requirements are defined as follows: 
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Spectra Tape Generation (NLIB = 4 or 5) 
MAXR = {NGF+ [IM* (2+NGF)]7+[IZM*(1+NGF)] + } 
MAXZ = {NGF+ [IM* (2+NGF)] + [IZM*(I +NGF)] +1 } 
where: 
=MAXR = required locations to read the ANISN-W data from tape 17 (NLIB 4 or 5), 
MAXZ = required locations to read the ANISN-W data from tape 18 (NLIB =5), 
NGF number of energy groups, IGM, in the respective ANISN-W calculation, 
IZM = number of regions or zones in the respective ANISN-W calculation. 
To execute this phase of the calculation, 
IM = number of radial mesh intervals in the respective ANISN-W calculation. 
MAXCOR MAXR or MAXZ, whichever is greater 
Fine-Group to Broad-Group Calculation (NLIB>3) 
MAX2 {[NGF*(5+NSP+IHMP)] + (NMC*18)
 
+[NGN* (IHMB+ NSP+5)] + NSP+ 1
 
where: IHMP IHMFI and the other quantities are -input parameters. 
To execute this phase of the calculation, 
MAXCOR > MAX2 
Remainder of Calculations (NLIB 3) 
MAX 3 =[NME* (4+ (4*IGM))]+ [NTAB* (3wNGN + 3*NGG)] 
+ [NLE 	* (5 + NGN + (NGG*(NIG + NCG + 1))) 3 
+ 	 (3*NGG) + (2*NGN) + (6*NMR) + (2*NAA) 
" I + MAX ((NREQ*(NPLG + 1)), (NREQ + (NTA*NGN*NME))) 
where: 	 NTAB = NUP+ NDOWN + 4+ NTYP 
NREQ = (NTABG * NGG* NAA) 
NTYP = 0 if NOD>O 
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NTYP = I if NOD<0 
NTA = IHMB, if IHMF'0 
NTA = IHMB-IHSB+IHTF+I, if IHMF<O 
To execute this phase of the calculation, 
MAXCOR MAX3
 
For the complete problem, MAXCOR must be greater than MAXR, MAXZ, MAX2, or 
MAX3, whichever is greatest. 
3.3.7 Limitations 
Only two major limitations exist for APPROPOS calculations. The first limitation 
is the amount of available core storage; the second limitation is the MASTER Library Data. 
The first limitation of insufficient core storage space results from attempting to run 
too large a problem for the amount of data storage specified for MAXCOR on card 1 of Data 
Set 1. On the MSFC UNIVAC-1108 computer with the EXEC8 Monitor System, the maximum 
value of MAXCOR, or the amount of available problem data storage, is approximately 35,000, 
when used with 65K 10 core locations. Because the APPROPOS code is written in variable 
dimension, on any given data array no size restriction is imposed; a size restriction is only 
imposed on the length of the sum of all data arrays. For this reason, changing the code to 
use more core storage for data should it become available at MSFC, can be easily accomplished 
by changing only one FORTRAN card in the main program of the APPROPOS code. 
The second limitation occurs when the detail provided by the Master Libraries is in­
sufficient for the problem under analysis. This limitation must be realized by the user; no 
simple solution to this limitation is possible. 
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3.4 PROBLEM SETUP INFORMATION 
This section describes the data deck setup for the APPROPOS code. Information 
on tape assignments, running time, error messages, and a sample problem card input is provided. 
3.4. 1 Tape Assignments 
The APPROPOS code has been placed on the MSFC, UNIVAC-1 108 computer 
under the EXEC8 Monitor System. Under this system, the APPROPOS code may require up to 
ten tape or disk devices in addition to input, output, and punch disks. However, no more than 
six tapes are ever required; all other files may be assigned to disk storage. The tape assignments 
are as follows: 
Tape 1, Scratch, microscopic neutron cross section data (by P2 order) 
Tape 2, Input microscopic photon transport cross section library data (GAMLEG-W) 
Tape 3, Scratch, macroscopic neutron and photon cross section data 
Tape 4, Input fine-group neutron flux spectra data, NLIB = 3 
Tape 5, Input disk 
Tape 6, Output disk 
Tape 7, Punch disk 
Tape 8, Input fine-group microscopic neutron transport cross section library 
data, NLIB.-.3 
Tape 10, Input fine-group microscopic neutron reaction rate cross section 
library data, NLIB>3 
Tape 12, Scratch, microscopic broad-group cross section tape 
Tape 14, Output macroscopic transport cross section tape for the ANISN-W and 
DOT-IIW codes 
Tape 17, Input fine-group flux tape as written by the ANISN-W code, NLIB= 
4or5 
Tape 18, Input fine-group flux tape as written by the ANISN-W code, NLIB= 5 
When setting up the data deck and control cards for the APPROPOS code, assign 
the scratch files to disk devices (FASTRAND); no file is ever backspaced. For most calculations, 
a maximum of six tapes are required. Note that if NLIB = 4 or 5, the spectra fromTapes 17 and/or 
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18 are placed on Tape 4 and can be used for subsequent APPROPOS calculations, if desired. 
However, no noticeable reduction in running time will result. 
The Master Library Tapes described in Volume 2 of this report are requested as 
follows: 
Tape File Master Library Tape 
2 4; Pk gamma ray transport 
cross section data 
8 1 or 2; Pe or P0. transport 
corrected neutron transport 
cross section data, respectively 
10 3 and 6; reaction rate cross 
section data, gamma ray-pro­
duction data, and selected 
nuclear parameters 
The tapes should never be requested with write access. The one exception is 
the initial APPROPOS calculation where Master Library 6 data are input from cards and written 
behind Master Library 3 data on Tape 10. For this one exception, NAPL= 1on Card 5 of 
Data Set 1; all subsequent calculations should be made with NAPL = 2 and read access only 
for Tapes 2, 8, and 10. 
3.4.2 Running Time 
The required running time for the APPROPOS code is primarily dependent on the 
number of compositions in the calculation. Approximately two compositions per second of 
UNIVAC-1108 Central Processor Unit (CPU) time are processed by the APPROPOS code when 
using the Master Library Tape data. The large amount of input/output requires a factor of 3-5 
greater elapsed time for the majority of problems. 
3.4.3 Error Messages 
A number of APPROPOS code generated error messages may be encountered in 
running problems. These messages are primarily due to incorrect problem input. The error 
messages are generally self-explanatory and are listed: 
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Message Description or Explanation 
1 locations needed to generate flux If execution is terminated after'this message, 
spectra tape (Tape 4)" too many spectra were requested, or else the 
value of MAXCOR was input incorrectly. 
"Impossible to execute problem. Problem The calculation is too large for the amount 
size must be reduced by.locations, of available core storage, or else the value 
Sorry... of MAXCOR was input incorrectly. 
"Element not in basic library" One of the values of LAL on Card 15 of Data 
Set 3 does not exist in the gamma-ray produc­
tion data and selected nuclear data parameter 
library (Master Library 6). The LAL data may 
be incorrectly input; the calculation should 
be rerun after the source of the error has been 
corrected. 
"Number of sets of library data less than The LAL data on Card 15 of Data Set 3 may 
requested - check LAL input data" be input incorrectly. Also, if NAPL= 2, 
NLE must equal NAA. 
"GAM element not in APPROPOS library" One of the values of LAL on Card 15 of Data 
Set 3 does not exist in'the gamma-ray'produc­
tion and selected nuclear data parameter 
library (Master Library 6). The LAL data may 
be incorrectly input; the calculation should 
be rerun after the source of the error has been 
corrected. 
"End-of-file encountered on Tape 12, check 	 The identification number, NID (2, n), of the 
input value of NID (J,2) for J " 	 element data within the composition on Card 
32 of Data Set 4 is in error. The Jth element 
in the composition is in error. 
"Element not in APPROPOS Library" 	 The coupling between neutron and photon cross 
section data cannot be made for this element 
because LAL on Card 15 of Data Set 3 is input 
incorrectly. 
"End-of-file encountered on Tape 4,.check 	 The identification numbers for spectra input 
input value of IDS(N) for N - " 	 from tape are input incorrectly: check the IDS 
data on Card 10 of Data Set2. The Nth value 
is in error. 
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Message 
"End-of-file encountered on Tape 8, check 
input value of IDF (1, M) for M "-
"End-of-file encountered on Tape 10, check 
input value of IDF (2, M) for M = " 
"Error-weighting spectra for element 
is not available. Check IDF (3, M) vaue of 
3.4.4 Sample Problem Input 
Description or Explanation 
The requested neutron transport cross section 
data does not exist on the tape or else the 
value of IDE (1,n) on Card 13 of Data Set 3 
was input incorrectly. The Mth card is in 
error. 
The requested neutron reaction rate cross 
section data does not exist on the tape or 
else the value of IDF (2, n) on Card 13 of 
Data Set 3 was input incorrectly. The Mth 
card is in error. 
In entering IDF (3, M) on Card 13 of Data Set 3, 
the value does not correspond to one of the IDS 
numbers entered on Cards 10 or 11 of Data Set 2. 
A sample problem card input listing is shown in Table 3-4 to assist the user in 
preparing problem input data. In this calculation, a set of simultaneous, neutron-photon cross 
section data are generated with a P1 scattering approximation for one composition. This composi­
tion contains three elements: Carbon, Uranium-235, and Aluminum. The data are averaged 
over the first region spectrum in a typical ANISN-W calculation. The printout from this calcu­
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4 0 0 REGION I CtU235,AL P1 DATA 280
 
25 0.0037 012001 1 DATA 290
 
5 0.06 062001 1 DATA 300
 





3.5 DESCRIPTION OF OUTPUT 
Computer output from an APPROPOS calculation consists of printed output, punched 
output, and tape output. The following sections describe, in detail, each form of output. 
3.5.1 Printed Output 
The printed output from the sample problem input data presented in Section 3.4.4 is 
shown in Table 3-5. The first output section printed by the APPROPOS code is a description 
of the overall problem parameters contained in Data Sets 1 and 2. The code then lists the 
number of cross section sets to be weighted (NLIB 3) and the amount of core storage required 
for this calculation. 
The next section lists the correspondence between the neutron fine-group and broad­
group structures. Following this, the weighting spectra are printed out, first by fine-group, 
and then by broad-group. 
The broad-group reaction rate data and corresponding transport cross sections by 
element are printed out if NPRIN = 2. 
The code next prints theprogram title card and the amount of core storage required 
for the remainder of the calculations. The element identification list for the library is printed 
if NAPL = 1. This listing is followed by the element identification list for the problem as 
specified by the parameter, LAL. 
If NPRIN = 2, the microscopic photon cross sections for each element are printed 
first for the P sets, then for the P, sets, where 2= 1, 2, 3 .... , NPLG. 
The library data on cards 25 to 29 in Data Set 3 are printed next. These data are 
followed by a printout of Master Library 6 data for each element in the problem corresponding 
to the library data on cards 16 to 20 in Data Set 3. 
The next section lists the composition parameters input on cards 30 to 32 in Data Set 





SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE APPROPOS CODE 
APPPOPOS INPUT DATA
 
NGN NUMBER OF NEUTRON GROUPS. * . * a * 16
 
NFO NUMHER OF FAST GROUPS o S ** 11
 
NIG NUMBER UF INELASTIC'NtOTRON GROUPS. . 6
 
NCG NUMBER OF CAPTURE GAMMA GPouPb. . . . . I
 
NIABN, TABLE LENGTH OF NEUTRON DATA. * t ± ! 0 17
 
NPLN PL SCATTERING FOR NEUTRONS. oe . . v I
 
NG NUMBER OF GAMMA RAY bROUPS. * . . ± . 3
 
NT4UG- TABLE LENGTH OF GAMMA RAY DATA. . 16
 
NPLG PL SCAT TERING FOR GAMMAS RAYS . . . . . 1
 
NLE NUMBER OF LIBRARY ELEMENTS. I * 0* 3
 
NAA NUHBER OF DIFFERENT LLtMENTS IN POR108,. 3
 
NME MAXIMUM NUMBER OP ELEMENTS IN ANY COMP. 6
 
NMR MAXIMUM NUMBER OF CUMPO§ITIONb. , . * . 1
 
NSP NUMBER OF SPEcTRA FOR WEIGHTING S S t 1
 




NLIB LIBRARY OPTION.O/I/E/3/4/S/6/ . . . . . 4
 
NTRIG n/19 PUNCH/MAG. TAPE OUtPUT.NAGS PONCH. I
 
NPRIN PRINT OPTION. * , * . * * e s e 2
 
NUP NUMBER Ot UPSCATTEP ICFINAL PpINT....,. 4
 
NDOWN NUMBER OF DOWN SCATTLR IN FINAL PRINT.. 28
 
NMC NO. OF MICRO. SETS TO BE WEIbHTED. . . * 6
 
NOr NO. Or FINE GROUPS . .* * . . ! '. * 52
 
NFF NO; OF FINE GROUPS-FAST; . a * ' . 0 * . 32
 
IMTF POt. OF-§IGMA(TOTAL)-FINE GROUP; ; ; 3
 
IHSF PUS- OF SIGMAtG-G)-FINE GROUP* . .& s 14
 
IHMP NW,-OF TABLE POS -FINE GROUP. a a 9 o 34
 
IHSS PUS. OF SIGMA(G6G)-BOA0 GROUPCUUR). . * U
 
IHMb NO.-OF TABLE POS -BROAD GROUPtBUR). 4 . 1*
 
NR WEIGHTING TECH.(O/ILINEAR/RECIPHOCAL) . 0
 
FLUX SECTRA OBTAINED FROM ANISN TAPE FOR PROBLEM I
 
(PROBLE.204 At 52 G, eAOIMSFC SE PROS I
 
2101 LOSATIONS NEEDED TO GENERATE FLUX SPECTRA TAPEITAPE4)
 
TABLE 3-5 (Continued) 
WEIGHTING SPECTRA TAPE 17 





6 CROSS SECTION SETS WILL BE COLLAPSED 




TABLE 3-5 (Continued) . 
SPECTRA WEIGHTING SPECIFCATIONS(BROAO GROUP NUMBER B FINE GROUP)
 















































































































































































































TABLE 3-5 (Continued) 
1 129 A LUM! NUM 
1 2 3 4 
1 1,61921E.02 G. 2.33777E.o1 6,665SIE.01 
2 3.87503E-04 Go 256833E-0,1 2:51394E-01 
3 4,16237E-04 06 1.71108E-01 1#10068E-01 
4 4.18944E-04 0, 1.36045E-01 0, 
5 1.90831E-03 Go 6,88034E-02 0. 
6 4.48167E-03 0. 1.62051E-02 0. 
I 5.32298E-03 0. 9.15448E-04 0. 
B 1.59916F-03 0. 2.16384E-04 0. 
9 2.49826E-03 0. 2.56652E-05 0. 
10 6.86391E-03 0. 3.52625E-06 0. 
11 1.77476E-02 G. 5.02387E-07 0, 
i 4.2s946E-02 0. o. 0. 
13 8.20927E-02 0. 0. 0. 
14 1.20773E-01 '0. 0. 0 
15 1.15407E-01 0. O. 0. 
16 3.27869E-O1 O. 0. 0. 
TABLE 3-5 (Continued) 



































































9 0. 4.2897E-o1 3.o1055E-01 4.56890E-01 3.88031E-01 2;53043EC 1 3.25?7E O2 1.45291E-01 
10 O. 0. 1.34850E-01 8.85779E-02 9.50549E-02 O 0. O. 
II 0. o O 1038041E-01 1.03184E-02 O OR O 















15 a. 0. 0. 0 a. Ot 0 0. 
16 0. 0. 0. 0. 0o Ot 


















2 o. 0. 0. 0 0. Ot Os 0* 
3 1.41250E+00 1.41687E*oo 1,42775E+00 1.44259E*00 l.48209E400 1.52077E'00 1,57541EOo 1.72"7E*Oo 
4 0. .0. 0. 0. 0., 0! 0. O 
5 0* 0. 0. 0 0. 0 O0 
6 0. 0 Of. O. 0 0! Ot 0. 
7 0. O. O. 0. 0.' 0. 0. 0. 
B 1.36041E+O0 1.36791E+00 1.355S8E,00 I.40000EO0 1,40000E+O0 1-coOOE'09 1.tO00E*0o 1.40000E#00 
9 4*12023E-02 4.15944E-02 4;2093E-02 5.44219E-02 O 0 OR O 
10 O. 0. OR 0. 0. 0. 0. 0. 
11 0. 0. 0. 0. 00 Ot OR 0. 
12 O. 0. O. O. 0. O; O 
13 0. 0. O. 0. O. 0 0; 0. 
14 0. O. 0. 0. O. O 0. O. 
lb 0. 0. 0. 0.' 00 O 0; 0. 
lb 0. 0 0. 0. 0. 0 o. 0 
11 0. 0. 0. 0*0 0. 00 00. O. 
TABLE 3-5 (Continued) 
2 12101 ALUMINUM PI COREr EDGE 

































5 .* .0  0. 0. 0 ; . 







0. 0. 0. 0. 0. 
6,61602E-02 8.o8o5E-02 2,0?94E-01 2,55192C.01 2;T7890IE02 

























12 . O. 0. 0, O 0. 0. 04 
13 o. 0. O 0. 0 0 0. 0* 
























9 10 12 13 14. 1 
1 





























7 0. 0. 0: 0 0. 0. 0 Of 
8 4,02268E.02 3.99824E-02 5,17040E-02 0. 0. p. a. a 
9 -21571'E-02 -4.02268Eb3 2 -3.99824E.02 -5,17040E-02 O . Ol 0. 































is 0: 0, 0. 0. 0. 0. 0. 
lb 0. 0. 0. 0. 0. 00 0: 
17 0- 0. 0. 0, O O. 0. 0. 
o C 
TABLE 3-5 (Continued) 
3 6C9 &ROGO M 29 6 DE GK 



























V 8.71029E.06 0, 6,29502E.03 0, 
8 14a61E-05 0. 1.417Y4E-o3 0, 
9 4.05360E-05 O. 1.76560E-04 O 
10 1.09464E-04 0. 2#42593E-05 0, 
I 2.8T8En-0 06 3.45624E-06 0, 
12 6,37404E-04 0. O 0 
13 1.23106E"03 0. 0. a. 
14 1.81954E-03 b., 0. 0, 
15 2.68126E-03 0. 0. 0. 
16 5.03409E-03 o. o O. 
TABLE 3-5 (Continued) 









































































































































































































































TABLE 3-5 (Continued) 
4 
 62101 CARSON9 296 OEO, K PI CoRt"COE
 
2 Go 0. Go Do 
 O0 0; 0; Of
 
3 00 0, Of 0,000 D! Of
 
4 00 00 Go 
 0, 0" 0?' 00 00
 
6 0. 0. 0, , O f 0 ! O t 
 D o
 7 0. 0. 0, 0. 0* Go D88,29607E-01 3,39112E-01 5;6495bE.01 4.92884E.01 3,71120[-01 *o*
 2;809-M-01 51.905S5i 01 1,568beE-o1

4 o -8929507E-01 -3,a9112[o01 -4.64956E.01 -4.92884E.01 -3!'71120[E01 -2.840SJE 01 -5.805E5-01
 
10 DO Do 00 0. 00 O? 
 D, 0.
11 DO O" 00 DO 
 O0 Of O, 0."
 
13 0. 0. 
 0, Go Do .O 09O
14 0,* 0. 0, 0. 
 06 Of Do 00
is O. DO 0, 
 0. 00 0g. go 0,
 
17 D 0. 
 0. Of' 0+o* G 

9 1o 12l 13 14. 1S! 16
 
I Go, 0 O, 0. 06 Do 
 0.
O
2 DO DO as 0, Go Ot Di 0.
3 DO 0* 00 0. O* O0 
 .0 0.
4 0, O f Go - O * O* O t go a
 
6 . O. 0: :3,60961E05 8.24900E 03 "2.*0401 [ 0PO * 0
O*
T 0. 0. 0 
-2.84424E-02 -1.18461E-01 -1929536E-01 "t;O72E-01 Do82.7TT36E;M 2.7464SE-01 3.52SO0E-01 Z,38959E-01 3,23752E-a1 .2;8995E 0l 
 ! 68650C 01 _I 24im9[aj

9 -1,56b62E-91 -2,17536E-01 -2,7464SE-01 -3.52500E.01 -2.27580 -01 -2-4S356E-Oi -5951?E-01 -3,08626E D2
10 0* 0* "0 
 * , 0. -9 95128E -O3 : *54741E-02 "Z,1SSIDE'02
I 1 00 0. Go 0, 0 0! 1,*3449E-03 -4.47886E-03
12 0. 0. Of 0. 04 O0 as -9.33778E-05 
14 0. a. 0. 
 . Go, Ot* Do 0,
15 0,. 0. 0, 0. Do 0 D- 0,
16 '0, o, " , 0. + * o ,
l 0,~~0 *OO, 0!, 0' DO
 
I? 'Go Do=0 
 0 o0
 
TABLE 3-5 (Continued) 
5 3529 U RANT UK-? 35 
1 2 3 4
 
1 2 36118E.02 1,27709E*00 3 49747E.02 1.91o11E#0
 
2 5.25818E-02 1,289TE+O0 3,33011Eo02 1:75357E+00
 
3 9,21408E-02 l.3002E4O0 Z.30186E-O2 I53611E+O0
 
,4 1,;6461E,.O 118800E00 16218BE-02 1:63339E#00
 
5 3.05706E-01 1.39935E+00 1.15745E-02 1.32149E00
 
6 7.72196E-01 2.26043E00 3.78726E-03 8,47128E-02
 
F 1,34659E'00 4.1888RE00 8.32623E-04 0,
 
8 3.24444E.00 7.03134E*00 1*96378E-04 0.
 
9 8.85312E400 1477272E*01 2,3397E-05 0,
 
10 2.49493E*01 3.90p08E+O1 3.93?05E-06 O,
 
11 1,94474E+01 2,73702EO1 5.01664E-07 0."
 
12' 1.1996BE.01 6.95689E*01 0. 0.
 
13 3,4741E*11 1.85749E*02 o. 0.
 
14 4,71458E.o1 '2969343E#02 0. 0.
 
15 7.65981E*01 4,37799E+02 o 0,
 
16 1.55404E+02 8.87860Et02 0. 0.
 
TABLE 3-5 (Continued) 
5 352001 URANIUN-235 PO CORE EOGE 




























4 0, 0. 0# 0. os no 0. 0. 


























































































16 Oo 0. 0., 00 04 0 0; 









































































































































17 0. 0. 0. 0. 0. O. 0. 0. 
TABLE 3-5 (Continued) 





















2 3 4 5 6 
0. 0. 0, 0. O 
O. 0. 0. 0O 0± 
0. 00 0. 0 0! 
O. 0. 0, 0. 0. 
0, 01 0. 0 0 O. 
0. 0. 0. 0. 0. 
0, 0. 0 0. 04 
7.08545E-01 l.08981E,00 7,39779E.01 1,O775E-01 8 45475R602 
-2.11312E+00 -?.o8545E-o1 -1,08981E+00 -7,39779E-01 -18o077B6E-0 
0. 0. 0, 0. o 
O. 0, 0. 0. 0. 
O. 0, 0, 0. O. 
.1 0, 0. 00, 
0. 0. 0. 00 00 
0. 0, 0. 0. 0. 
0. O 0, 0. 0. 
0. 0, 0. 0. 0 













































































































































TABLE 3-5 (Continued) 
APPROPOS WITH K-SECTS PROM KRO215, PO.P1 FOR MSFC, PRODUCE 29 GROUPPl
 





TABLE 3-5 (Continued) 
ELEMENT IDENTIFICATION LIST FOR PROBLEM
 
NUMBER ELEMENT IU NAME ATOMIC MASS UNITS 
1 5 CARHON 12,0111 
2 10 U-235 235.0439 
3 25 ALUMIN 26.9815 
La 
Io ­
TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS-P(L)ILu 0 
ELEMENT NAME,.. CARBON 
ELEMENT NO*.... 1 
GAMLEG IlUN0.. 6 
GAM Ib NO.s... 5 
1. ? 3 4 5 6 T 
I 3.00633E-01 

















































































































9 10 11 12 13 






















































13 o. 5.30978E-03 6,04949E.03 l.73100E-02 3,87313E-03 
14. O, O, 5.2Q430E-03 .1,54944E-02 2,79142E'03 
15 0. 0. 0. 1.45149E.02 2.17026E-03 
16 0. 0. 0. .0, 1,84409E-03 
TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS-PIL),L. 0 
ELEMENT NAME... ALUMIN 
ELEMENT NO.... 
GAIAL2EG TO) NO,." 





























































































































































































































































TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS-P(L)ILe 0 
ELE4ENT NAME... Ur235 
ELEMENT NO..... 2 
GAML.EG 10 NO,.. 49 
6AM JI NO.... 10 





































5 0. 1.76071E-01 4.o1319E-01 4.94833E-01 6.57870E-01 9.54431E01 6,63100E-OI 1,03136E+00 
6 a. o. 3.17904E-OI 3.457SE01 4.17139E-01 5.36689E0O 3.26911Er01 5.75230E-01 
7 0. 0. 0. 2,77479E-01 2.9B43E&01 3;539'5SE-O 1.86981E-01 2.95218E-01 













10 0. Of 0. 0. Of 0 7.99265E02 9,14b4E-0z 
II 0. O. 0. 0. O. O. 0. 7.6965aE-O? 
12 0. 0. 0, 0. 0. 0 f- 0. 
























9 tO 11 12 13 
1 1.130SE+oI 1.269ZTE4Ol I.T05i'E*O1 4I7161E+O 2,64441E02 
2 0. *0. 0. 0. - 0. 













6 8.62302E-01 1.21763 +00 1.51531E00 2.66913E*00 1,58384E+00 
7 4.99507E-01 8.02SOOE-01 9.58855E-01 2.44334E+00 7.86032E-OI 
a 2.68027E-01 4.8731T7L01 6.67061E-01 2.31636E+00 4965792E-01 






































TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS §ECTIONSnP(LItLm I 
ELEMENT NAME,.. CARBON 
ELEMENT NO.*.e I 
GAMLEG ID)NO0. 
GAM ID NO.-,**! 
6 
5 






















































































































16 0. 0. O. 0, 0. 0! 0* 0. 
9 10 11 12 13 
1 0. 0. 0. 0, t o. 
2 0. 0. O, 0, 0. 
3 0. 0. 0. D, 0, 
4 1.92936E-01 3.10513E'01 5.3509E-o 1.36BloE.00 l.5S469E400 
5 2.b625SE-il 3.7817TE-01 5.38415E.ol 7.20567E-01 1.4l854E-0l 
6 1.56699E-n1 2.12252E-01 2,38234E-01 2,31762E-01 -9*25163E-02 
7 8.7841E-02 1.34899E-01 1.42307E-01 1.11042E-01 -5.9367SE'02 






















13 0. 1.17h86E'02 1.11612E-02 6.45S319E-03 -6.I5244E03 
14. 0. 0. 9.44656E-03 4.88326E-03 "4.50370E'03 
,15 0. 0. O. 4,08539E-03 "3.53812E-03 
16 0. 0. 0. 0, -3.02382E-03 
TABLE 3-5 (Continued) 
MICPOSCOPIC PHOTON CROS5 SECTIONS-P(L),Lo I 
ELEMENT NAME,.. ALUMIN 
ELEMENT NO.,.e 3 
GAMLEG ID NO... 11 
GAM 10 NO.... . 25 
1. 2 3 4 5 6 T B 


























































































































9 10 11 12 13 
1 0. 0. 0. 0, 0 
a 0. 0. 0. 0. O 
3 0. a. a 0, Of 





















9 5.7821IE-02 9.22bSBE02 1.25693E-01 9.95643E-02 "6.22584E-02 
10 4.00043E-02 5,60914E-02 7.09807E-O2 6.0573E02 "4.70954E-02 
11 3.03903E-02 3.94033E-02 i.41626E-02 3.33941E'02 3,23414E02 
12 2.55389E-02 3.02063E-o2 3.13618E-02 2.01666E-02 -2.02290E-02 
13 0. 2.54986E-02 2:41827E:02 1.39819E-02 "l.33303E-02 
14 , 0. 2 04675E o2 1,05O4E-02 -9,75802E-03 
19' o. 0. 0. 8,85168E-03 -7,66593E-03 
16 0. 0. 0. 0. 6.55161E-03 
TABLE 3-5 (Continued) 
MICROSCOPIC PmOTON CROSS SECTIONS-P(L)wLw I 
ELEMENT NAME,., U-235 
ELte'ENT NO.,,*, 2 
GAHLEG ID tO*** 49 
GAN 10 NO.e.. 10 
i 2 3 4 5 6 B 






































7 0. 0. 0. 8.o09422E-01 8.5?89SE-01 9,91266E-01 S.1410vo01 B.OSOE-01 



















11 0O.0. . 0. O± 0. 1.96719E'01 


















15 0. 0. 0. 0. 0. 0;, 
16 0. 0. 0. 0. 0. 0. 0. 0. 
9 10 11 12 13 
1 0. 0. 0. O. t O. 
2 0. 0. 0. 0. 0. 
3 o. 0. 0. 0. 0. 


























2.785 4 E-01 
5,02325E-01 
3,12 535 E-0o 
4,28672E-01 "3&33291E-012 
.3632 8 E-01 -2928878E-01 
12 1,8n137E-01 2.1376SE-o1 2.21945E:01 1,42717E-01 -1,43159E-01 
13 0. 1.80452E-01 1.71139E-01 q.89489E-02 -9.43374E-02 
14. 0. 0. 1.44847E-01 7.48766E-02 -6.90567E'02 
15 0. 0. 0. 6,26427E-02 -5#42512E-02 
16 o. 0. 0. 4.- 63652E-02 
- C 
TABLE 3-5 (Continued) 
LIBRARY-DATA-WILL BEGIN FOR NAGS INPUT
 
NUMBER OF DIFFERENT ELEMENTS 3
 
PROMPT FISSION GAMMA SPECTRUM
 
3o000ooE-03 I.SOOOOE-O? .000ooE-OZ 1.llOOoE-oI 2:5!000E10 5.S9oooE-oi
 




DELAYED FISSION GAMMA SPECTRUM
 
0. 0. 0 4.270OOE-02 230200E01 5,0BToooE-o1
 




GAMMA RAY DOSE CONVERSION FACTORS 
03 1,06300E'06 I.083OOE-06 l.I60OE-06 1,16600E-06 124000E-06 1.33200E-06, 
1.41700E06 1.50400E-06 I.56400E-06 1,67300E'06 19O30OE-06 .112OoE-06
 00 3.51600E'06
 
NEUTRON DOSE CONVERSION FACTORS
 
1.200OOE-04 OO5000E-0 4 8.AooooE-05 6.35000E-05 3.25OoE05 1.030O0E-OS
 
1.15000E-06 1.73000E-07 2.10000E-08 9,OOOOOE-09 1900OOE-08 5.62000'E09
 




0 1:25000E.00 2.oO000E+O0 2.5000oE00 3#25000E*00 t.50OOOE*0o
 
6.SOOOOEt O0 7 bOOOOEO0 .75000E+OO 1.17500E*01 1.37500E*01 I.55000E0O1
 
1.73000E4 01 l020OOE1Ol 1.89000E.O 200000E01
 
TABLE 3-5 (Continued) 
CROSS SECTIONS AND CONSTANTS FOR CARBON
 
ELEMENT ID NUMBER t p ' ! ! 
ATOMIC MASS UNITS * * *p * * ! * 0* 1.201t1E*01 Q(NALPHAI. ? t P * * ' ± ± ± 0O
 
NGAML(GAMLEG DATA TAPE 10 NO*). ! . . . 6
 




0. 0. 0 0, 4.26TOOEO0 0.
 
0. 0. 0, a. 0. 0.
 
n.Do Do 0, 0, O0 O,
 
O.0  0, 0. 0. 0.
 
0.0. 	 0. 0. 00 0.
 
0. 0. 0. O 0. O
 
00 0. 0. 0. 0. 0.
 0,. 0. 0, 0. 0. 00.
0. 0. 0.0 0. 

0. 
0. 0. 0. 0. 0. 0.
 




0. 0. 0, 0, 0. 0,
 
0. O. , 	 0•, 0. O•
 
NEUTRON RAOXATIVE CAptURE GAMMA SPECTRUM
 
0. 0. 0. 0. 3,37500E*00 1.lOOE+0
 




MICROSCOPIC ELASTIC CROSS SECTIONS
 
O 0. 0, 0, 0. 0.
 




0. 0. 0. 0. 0, 0,
 
0. O 0, 0, 0. 0,
 
0. 	 0. 0., 0.
 
MICROsCOPIC GAMMA RAY ABSORPTION COEFF-ICIENTS
 
1.55200E-02 1.58500E-02 I.64200E-02 1,72500E-02 I.B4eOoEh02 2:002O0E-02
 




TABLE 3-5 (Continued) 
CROSS SECTIONS AND CONSTANTS FOR U-235
 
ELEMENT ID NUMBER . . . . . . . . . . .10 
ATOMIC MASS UNITS . * t * . . . a . a 2.35044E02 
Q(NiALPHA). . a a . * a a a a a a *• Ga 
NGAML(GAMLEG DAT TAPE ID NO.): .	 49 
ELEMENT * ! I t * * a a a * a * a U-235 
Q(NNPRINEGAMMA)

0. 0. 0 0. 3,662OOE:03 3.74900E-0o,





0. 01 0. 0, , 0,
 




0. 0 0. 0, 00 0.
 
0. 0 0, 2.04600E-02 .6820OOE.0I b.OflucE-O1 
2,16600E-O1 
0, 0. 0 0. 0. 0. 
0. 0, 0, 0 '2,31100E-02 1,B300E01
 
Wo 	 2D.O0OOE-01 
' 0. 0 0* 0, 0. 0. 
o 	 0. 0. 0, 0, ?,45OOE-02;
1.67900E-O1
 
0. 0. 0. 0. 0. 0.
 
0. 00 0. 0. 0. ?.474OOE-09: 
1.678OOE-01
 
NEUTRON RADIATIVE CAPtURE GAMMA SPECTRUM
0. O. 8.493ooE-02 5 i82OOE-02 2.09100E.01 4.59700E-013




MICROSCOPIC ELASTIC CROSS SECTIONS
 
0. 0, 0. 0. 00 0.
 




0. O 0. 0. 0. 0.
 
0. O Oi O, Oa 0.
 
0. Of 0, 0.
 
MICROSCOPIC GAMMA RAY ABSORPTION COEFF1ICIENTS
 4.27900-o2 4.15600E-OE 3,994C0E-02 3,80400E-02 3.57000E 02 3.351OOE-0oa
 




TABLE 3-5 (Continued) 
CROSS SECTIONS AND CONSTANTS FOR ALUMIN
 
ELEMENT ID NUMBER . . . . 25
 
ATOMIC MASS UNITS . * * * * o 5 2#69815E+01 
Q(N.ALPHA). . . . . . . . . . . . * a 0. 
NGAML(GAMLEG DATA TAPE'ID NO.), * 11 
ELEMENT * *e .± ALLIMIN 
0(NNPRIMEGAMMA)
 
146Q0OE-1 482BOOE-02 ?.4140OE-01 349300E-01 4.B?90E-O1 .9o4OE-aj
 




0. 0. 0, 0, 0. 0.
 




0. 0. 0, a. 0. 0.
 




0. 0. 0, 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0 0, 0. 0.
 




NEUTRON RADIATIVE CAPTURE GAMMA SPECTRUM
 
1.74900E400 9.86300E-02 4.56900E-01 '4.09700E-01 1.i310EO 8.835ooE-0o1
 




MICROSCOPIC ELASTIC CROSS SECTIONS
 
O. O. 0. 01 0. 0.
 




l.6raOOE-02 0, 0. 0, O. 0.
 
0. O. 0 0, 0. O.
 
0. 0. 0 0•
 
MICROSCOPIC GAMMA RAY ABSORPTION COEFFICIENTh
 
1.8430oE-O2 1852ooE-o2 1.87400E-02 1,9120fE-02 1.94ooE-o2 2.062OOE-O;
 




TABLE 3-5 (Continued) 
COMPOSITION TITLE( REGION I CU235.AL PI 
cOMP, OEPENDENT DATA FOR COMP. NO........ 
LEFT f0UNDARY MESH LINE NO...... 








BOTTOM BOUNDARY MESH LINE NO*.. ....... o.. .... .. .. . .±.. .; his).
TOP UOUNDARY MESH LINEI'NO..!...., o.*....! .*. .F 
NO. OF LLEMENTS(W/,NEW INPUT DATA/USE PREVIOUS CDMP. DATAI ... t..(IEL)x. 
CO'MP. SEQUFNCECI/ 4,FIRST OR INTERMEDIATE/LASTh..ot....,,.: ....,t...(IND4 
6AMRlT-ANISPJ OUTPUT TAPE IU, NOO/IF NLIBiEQ,2/..,.....o ...*(NTID1)S 




TABLE 3-5 (Continued) 
COMPOSITION TITLE( REGION I CoU2359AL PI 	 I 
ELEMENT DEPENDENT DATA FOR COMP. NOI...............eoee.eo....o....4NREG)U
 
GAM ELEMENT ID. NO.......,e...±.±±ee.e.oe.ee. ee'eoe!ee*ee ~1e25
 
TAPE ELEMENT ID. NC............... ... N,(.. 1200
 












































































MICROSCOPIC FISSION MICROSCOPIC INELASTIC MICROSCOPIC ELA!TIC
 




of 2.51394E-01 2 SB833E-01
 
Of 	 1,10068E-01 171108E-01
 










0. 0. 	 2.56652E-OS
 












0. 0o 	 O
 
TABLE 3-5 (Continued) 
COMPOSITION TITLE( REGION I CoU235,AL P 
 I
 
ELEMENT DEPENDENT DATA FOR COMP, NOoo.....................i.........CNREGIS I
 
GAM ELEMENT ID* NO.....o oo..NID
TAPE ELEMENT ID. NO.......... . ...... NIO(i
. ..
Pt SCATTERING APPROXIMATION.;..o........e........................ D S
 
3) I
 ATOM DENSITY (AToMS/cMa*36.......... 

. ,o, , .**,!,.(ADEN) et900E-O2
 
GROUp MICROSCOPIC CAPTURE MICROSCOPIC FISSION 
 MICROSCOPIC INELASIC MICROSCOPIC ELASTIC,
 
NUMdjER CROSS SECTION 
 CROSS SECTION CROSS SECTION' CROSSSECTIONI Of 0. 4.53?1oE-02 9.01O66E-O2 0. 0 
 0. 5.05289E-o1
3 0. 0! 
 0. 3t75977F-01
4 0. 0. 0. 
 2a60564E-01
b 0. 0# 
 0. 1 ?6665E-O1
6- 3.53257E-OT 00 
 0. 3.1b495F-02
7 6'.71029E-06 O 
 0, 6.29502E-03 
8 1.42670§-05 0. Of0.-74F09 4,05360E-05 O. 0. 
 1.76560E-04
10 1.09464E-04 0. Of 
 2;4p593E-05
11 2.87078E-04 0o 
 O. 3.46624F-06
12 6.37404E-04' 0. 0, 0.
 
13 1.23106E-03 0. 
 0. 0
14 1,81954E-03 0. 
 0. 0.
15 2.68126E-03 0. 
 0. 0.
 
16 5.03409E-03 a. 
 0. 0.
 
TABLE 3-5 (Continued) 
COMPOSITION TITLE( REGION I CoU235AL PI
 
N I D (
 
bAM LLEMENT ID. NO* .... oe eelee::eeeoee*:Oe:eeeee
ELEMENT DEPENDENT DATA FOR CORP. NO.....,,...,,,........,...,..!.±..(NREG)5
li* 10
 
TAPE ELEMENT 1D wO* 9 **e... 9 .9 e..,** p099 .**....* . *o*,*NIDt2)s39001..... 
 8P1L) SCATTERING '9!!!.'te'.o.o.* * o!!'o!....d..NIDC3 u
 
ATOM DENSITY CAToMS/CMe3) oo o o...CADEN)" 4.10000E-03
 
GROUP MICROSCOPIC CAPTURE MICROSCOPIC FISSION' MICROSCOPIC INELASTI; MICROSCOPIC ELASTIC-

NUABER CROSS SECTION CROSS SECTION CROSS SECTION CROSS'SECTION
 
I 2.3611802 loT?7709EOO 1091011E+OO 3.39747E-02
 
2 5,2salE-02 1.28972E+00 I.7535?E+00 .33011E-02
 
3 9.21408E-02 1oz3Oo2E.Oo I53611E+00 2.30186E-02
 4 1.56461E-01 1.18800E.OO 1j63339E*00 1.621BRE-O2 
5 3.057-06E-01 1,39935E400 1632149E#00 115745E-02 
6 7.72196E-01 2.26043E+00 84.I2IE-O 3.TR78Z6-03 
o 8.32623E-04
7 1,34659E+00 4.18888E+00 

B 3.?4444E 00 T.03134E+O0 0, 10937BE-04
 
9 8.8531E.00 1.77272E+O1 o. 2.3397E-05 
10 2.49493E+01 3.9020AE+Oi 0. 3;93205E-06 
o. 5;07664E-07
11 1.94474E+O1 2.73702E+01 
 0.
12 1.19968E*01 6.95689E+01 O3 

13 3.94741E*O1 1.8b49E+02 O. 0.
 
14 4.1458E+o 2.69343E+02 O 0.
 
IS 7,65981E+o1 4.37799E*02 0. O
 
16 1.55404E*02 8o87860E+02 0. 0!
 
TABLE 3-5 (Continued) 
MICROSCOPIC NEUTRON CROSS SECTIONS FOR COMP. ELEMENT NO. I
 
PeO) TRANSPORT CROSS SECTION SET 
1 
1 1,83bOOE.02 









































































































































































































































































17 o. 0. 0. .0, 0. 0O 0 0­
TABLE 3-5 (Continued) 
MICROSCOPIC NEUTRON CROSS SECTIONS FOR cOMP, ELEMENT NO. 2 
PIO) TRANSPORT CROSS SFCTION SET 
1 2 3 4 S A 7' 8 
1 1.20477E-03 0. 0. 0 0o 3.53257E?-0? B.TI029E O& o,42670E-05 
2 0. O. 0. 0, 0. 0. 0. O, 
3 1.74822E0oo 1.86523E400 2.6074*E*oO 3.27284E00 4.033TE400 4;58288EDO 4.667?94E*0 4.70013E*00 
4 0. 0. 0. O. O. ! Ot 0. 
5 0. 0. OLO 0. 0. Ot 0. 0. 

















9 0. 5.73891g-01 4.67502E-oj 8.23402E.01 6.41103E-01 4.89'7SE-Ot t444bE01 7.1335E'01 
10 0. 0. 1.26152E.02 0, 0. 0. O. 0. 



















14 o. O. O. O. 0. 0. 1.35221EP06 0. 




















9 10 11 12 13 14, 1s 16 
1 4.5360E-0 1.09464E-04 2,87078E.04 6,37404E.04 1,23106E-03 1.I0954E03 2.68126E03 S.0341E-03 

















5 0. 0. O. 1.99973E-06 3.80962E-03 0. 0. 0. 
6 0. 0. 0. 3.55670E-05 I.*02es7E-0 3;2?OBIE-02 0; 0. 
,0. 0. 0 S,56650E-02 1.51038E-01 1;546S8E-0i 1;34455Es.01 0. 
8 4.40621Eo00 4,40208E+00 4:31294E#00 4.37024E.0o 4:25ToIEOO 4 41158E'400 4t;6718sE#00 4*32186E.00 
9 3.00859E-01 3.03628E-01 3.07905E-01 3,97040E-0l 2.57816E-01 2.9tTG8E*'01 1B89BE-0-1 4.2606SE-02 
10 0. a. O o, 0. 8,35756E60? 5',8075BE.02 2.00273E-02 
11 0. 0, 0. 0, 0. 0; 1,37451E-03 8,S9834E-03 
12 0. 0. 0. 0O . O 0. 1907B5E-04 
13 0, 0. 0. 0* O. 0. 0. 0. 
14 0. 0. 0. 0 O. 0. O. 0. 
15 0, 0. 0 0. 0 0. 0 0. 
16 0. 0 O 0. 00 O' . Ol 
17 0. 0. 0. o. 00 ., 0. 
0~­
TABLE 3-5 (Continued) 
MICROSCOPIC NEUTRON CROSS SECTIONS FOR COMP, ELEMENT NO. 3 
P4O) TRANSPORT CROSS SECTION SET 
1 2 3 4 5 6 7 8 



















4 0. O. O. 0. 0. Os 0. 0. 

























































































































































9 3.60005E-02 3,63432E'02 4.50450E-o 0. 06 O 0 0. 





























S.50465E-051.93950E-06 0. o. 0. 0. O0 .0. 00. 00 0.0. 0. 0. 
lb 1.79013E-06 0. 0 . O. 0! 00 O. 
17 0. 0f 0. 0. O. O O O. 
TABLE 3-5 (Continued) 
MACROSCOPIC NEUTRON CROSS SECTIONS FOR COMP. NOt I 













































































































13 Do 0. 0. 0. 0. 2.26900E-4 4417OOE-06 8,37107E-06 
14 0. 0. 0. O 0. 0 4.19297E-06 6,99607E-07 
SIS0. 0. 0. 0. 0. O 0. 8,64527E-07 
16 O 0. 0. 0. 0. 0! o 0. 
17 Do 0. O 0, 0, Do o 0. 
9 10 11 12 13 14 IS, 16 
1 1.08991E-01 2.62309E-01 1.92035E-o1 3.34616E-01 9,23793E-01 1.29816EO00 2,10984E00 4.27890E400 
2 1.76908E-O1 3,89404E-01 2.73138E-O1 6,94257E-Olr 1.89366E#00 2.68788E*00 4.,36897E*00 8,86031EO00 
3 4,39850E-01 6,02327E-01 5;27714E-o1 6.63174E-01 .25464E*00 1963479E0 2;4527EAOO 4.59875E+00 
4 0. O. 0. 0,o 0. 0O 
5 O O 0. 1,19984E-07 2,28577E-04 0. 0. 0. 



















9 1.83516E-02 1,85206E-02 1.8614BE-02 2,40238E-02 I.54690E-02 1;Bo25E-02 i13939E-02 2,54441E-03 
to O. 0 0 0. 0. 5*01454E-04 3448455E103 1,20164E-03 
11 2.5n879E-08 0, 0 . 0O.. 0, B.24703E105 S,15900E-04 
12 2.64916E:07 1,36263E-09 0. a.a.o 0. 1.14471E-05 
13 6.23654E.07 o, 333526E.09 0O, 0. 0O 0. O, 
14 2.25691E-07 Do D. 0, 0. 0; Of.D 
15, 7.95196E'09 0. 0. ., 0. 0 O 0. 
16 7.33954E-09 0. 0. O. 0. 0. 0o 0. 
17 0. a. Do .0. . O O . -:o 
0) 
TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON cROSS SECTIONS FOR COMP. ELEMENT NO. I 
P(O3 TRANSPORT CROSS SECTION SET 
• 1 2 3. S. 6 i a 



















5 0, 2.48796E-02 5.67081E.o2 6,99221E.02 9.29598E-02 1-39104Eq1 !9'36989E.02 1,45736E-O1 
6 . O0 4.49212E-o2 4.885TIE-02 5,89435E-02 T.SB365E02 14.619 OE-O2 8.12824E-02 
7 o. o. 0. 3.02090E-02 4.2227RE-02 5°.0o02E02 12.64212E-02 4.17156E-02 




























12 0, 0. O. 0. O. 0 0. O 
13 0. 0. 0. 0, 0. 0 0. 0. 
14 0. 0. 0. 0, O. 0 0. 0. 
15 0. 0. 0. 0. 0 " 0. 
16 0. 0. 0. O . O. no 0. 
9 10 11 12 13 
I 1.02510EO0 1#09529E+00 118210E*00 1.27029E,00 1,39568E*00 
2 o. O. 0. 0. no 



































10 1.61827E-02 2.43439E-02 3.59614E.02 9,49947E-02 3,29461E-02 
11 1.24384E-02 1.74241E-02 2.32051E-02 ?,61487E-02 2,17431E-02 
12 1.0222E-02 1935299L-02 1.68586E-0 6.48166E:02 1.30714E'02 













16 '0. 0. 0 O. 3.99553E-03 
TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS FOR COMP. ELEMENT NO. 2 
Pg0) TRANSPORT CROSS SECTION SET 
415 
I 3.oo633E.o1 






















































































































































































































TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS FOR COMP. ELEMENT NO." 3 
P1O) TRANSPORT CROSS SECTION SET 
1 

















1,47 085E+0o 1.4O156E oI 
0 0. 
1,84162E+E#01:80285E+01 






























































































9 10 11 12 13 
1 1.13025E+01 1.2692TE.01 1.70514E+o 4.17161E.O 2.64441E*02 
2 o. a. o. o. 0. 
3 1.87954E*01 2.08922E4o 2.71190E+01 5.70571E+OI 2.88250E+02 
4 1.00192E+00 1.6317OE+O0 3,15090E+00 8.35066E0O, 2.38089E401 
S 1.36377E+00 2.06656E+00 3.11272E00 5.33284E*O0 6.99O37Et0O 



















7,44645E.02 9 5749E.02 





























TABLE 3-5 (Continued) 
MACROSCOPIC PHOTON CROSS SECTIONS FOR COMP. NO, 1 
P(O) TRANSPORT CROSS SECTION SET 
1 2 3 4 5 6 7 8 
I 8.34522E-o2 Sl6620E-02 7.95381E-02 7.72627E-02 7,48961E-02 7'35093E-O? 7 B35854Er02 ,748891E-02 
2 0. * 0. O, O. O 0, Of 
3 1.06032E-O1 1,06459E-01 1.o6674E-01 1:07762E-01 0,10416E-01 1;15447Ew01 1.21456E-01 1,27574E-01 
4 1,0666bE- 03 8.92g99E-04 I.81267E-03 2,78026E-03 3,60913E-03 6,26433E-03 4,41996E63 5.93132E-03 



















8 o. 0. 0. 0 2.07725E-03 2.22500E'03 1.08495E-03 1.48437E-03 
9 0. 0. 0, 0, 0. 1;84035Em03 8,15773Em04 1.0?691E'03 
10 0. 0. Os 0, Of 0. 682242E04 7,8090E'04 
11 0. 0 0. O.0O 0; 0. 6,5697OE'O4 
12 0 0. 0. 0, 0. 0! D 06 




























9 10 .11 12 13 
1 7.83084E-02 8.63814E-02 1.07020E-01 2.10823E-01 1.12648E+00 











































to 9.77557E-04 1.4756 '03 2.17234E-03 1,17128?E-02 1.99020E-03 












14 0. 0. 6.81157E-04 8.50545Em03 3,65350E-04 
15 o. 0. O. 8.21863E-03 2.840SlE-04 
16. Ot 0. O 0. 2,41361E-04 rg. 
0) Ct 
TABLE 3-5 (Continued) 
COUPLED MACROSCOPIC NEUTRON-PHOTON CROSS SECTIONS FOR COMP, NO. 1
 
(0) TRANSPORT CROSS SECTION SET 
TAPE IOENTIFICATION NO* 























































9 0. - - 3?4421E o2 3;08250E-02 5.40335E-02 4.65389E-02 3.18157E-02 2.0 729E-02 4.36911Eo 















































16 0. 0. 0.6 0. 0; 0. 0; 0. 
IO? O O0 * 0. 0. O, 
18 0. 0. 0 0. 0# 0. 0. 0, 
19 0, O O; O. 0 0, O; 0. 













23 0, Of O6 0. 0 0. 0; '0. 
















































































35 0. a. 0. O O 0O O 0. 
TABLE 3-5 (Continued) 
36 O 0. 0. O 0. 0. 0. 0. 






























4 0. 00 0! D.o0 0. 0. 0. 
5 o. 0* O 1.19984E-07 228B577-0 0. o 0 

























































































































































26 0. 0. O 0. O. 04 0 O 


































33 o. Do 01 00 0. 0. 0. 0. 








0.- 0,04 o. O. 0.O* 000 0.O 

















































* 11 4.0944BE-03 
12 2.81b96E-03 
13 1.13134E-03 
* 14 4.51503E-04 
15 5.2437 4E-04 
16 2.34Z12E-O4 
17 9.68343E-05 
18 8.59698 E-(15 
19 5.68655E-oS 
20 2.95613E-o5 













































































































































































































































25 26 27 28 29 
1 7.83084E-02 8.63814E.02 1.07020E.oi 2.10823E.-0 1.12648E400 














































2.10091E-02 1:35 19 4E-02 
1.59959.02 6.70947E-03 
1.37972E-02 3.97594-03 
13 1.38901E-03 2.34729E-03 3;05329E-03 1.27520E-02 2173699E-03 
14 9.77557E.04 1. 7056E-O3 2".17234E.03 i.17128E-02 1.99020E-03 
1 T.5xi76E-04 1.0255-o 1 401?7E-o3 1.o000E-02 1t31345E03 
TABLE 3-5 (Continued) 






















































































































TABLE 3-5 (Continued) 
MICROSCOPIC NEUTRON CROSS SECTIONS FOR COMP. ELEMENT NO, I 
P11) TRANSPORT CROSS SECTION SET 
1 0 1 0. 2 Do, 3 0. 4 O, 0t 6 0,Q 7 I 
5 O* 0. Do , O. O00! 0 0. 
O.0. 
6 0.4 0.5 co 010,* 0.0.: 0.0. 0,0,0 0'0; 0.0.: 0.0,Of 
6 Of 0, Do 0, O0 0* 00 0* 
7 0, O. Of O1 . 0' 0O*O 
8 671841E-02 6.61602E02 B.o8ooSE o E-0o0911 2!7201E02 1.31357Er01 2.15101E-02 
9 0. -6.71847E-02 -6.61602E-02 6 .080SE-02 -2.80794E-01 -2.55192E OI -2.t8901 '02 -1.31357E-01 
10 Do o. 0, 0. o 0 0. 00 















14 0. 0. 0. . 01 0. 0. 0. 






























































r 0. O. 0. 0, Of 0! O* 0. 
8 4,02268E-02 3,99824E-02 5.IT040E-02 0, O. a6 O6*. 
9 "2.1501E-02 "4.02268E02 -3.99824E-02 "5.17040E-02 O 0 D. 0. 
100. 0. Of 0, 0. 00 0. 0. 
I 0. O 0. , 0 0. 0. 0, 
12 0, 0. 0. 0. 0. 0. O; 0, 
13 0. 0. O. 0. 0 0. O. O. 
14 0. 0. 0 0. 0 O0 0. O; 0. 
is 0. 0. O. O. 0. 0. 0, 0. 
16. 0 0* 0; '0, 0. 0; 0. 0. 
11 0. O. 0. 0. 0. Op 0. O. 
TABLE 3-5 (Continued) 
MICROSCOPIC NEUTRON CROSS SECTIONS 	FOR COMP. ELEMENT NO. 2
 
PI3 TRANSPORT CROSS SECTION SET
 
1 2 3 4 5 6 T 8
 
1 0 0. 0. 	 0. 0. 0. 0. 0.
 
2 0. 0 0, 	 , O0, . 0,
 
3 0. 0. 0. 	 0 00. . 0. 0.
 
4 0. Do 0. 0 0. 0! O. 0.
 
5 0, 0. 0. 0 O0 0 0. 0.
 
6 0, 0. 0. , 0., 0. 0,
 
o.
7 O O. O. 	 O, 0. 0. Os 1,5 6 862Ef 0 1
 8 8 29o.E-o1 3.39112E-01 5.64956Eo1 	492884E-0101 a;840E0! 5.80535E-01 

9 	0. 8.29507E-01 -3.39112E-01 -5,64956E-01 -4.92884E-01 -3,71120E 0I -2,84051E01 -5.80535E-01
 
0, o 0. 0. O.
10 	 0. 0. 0. 

0. 0. 0! 0 0.
11 0. 0. 0, 

1200 0. 0. 0. O O0 0. 0.
 
13 	 0. 0. 0 , 0 0. O0 0.
 14 0. 0. 0. 	 0, O Oof 0.
 
0. 0.
15 0. 0. 	 , 0 Ow 0.




17 	 0. 0. 0. 0, 0. 0. 0
 
11 2 13 14 1S! 16,
9 10 

1 00 O. 0, o, 0. Of 0. O
 
2 0. 0. 0. 0, 0. ; 0 0.
 
3 Oo 0. 0. 0 O0 O 0.
 
4 0. 0. 0. 	 0. 0. 0-t 0 Oi
 
5 0. 0. 0. *2.14975E-06 -2,03047E-03 0, Ot O. 
6 0. 0. 0. -3.69961E-05 8,24900E-03 -2.04017E-02 0. 0.
 
" O
7 o, 0. 0. "2.84424E'02 1,.18461E:01 "1.29536E'01 ".01726E 0
 
8. 2.77536E-o1 2.74645E-01 3.S2500E-01 	2.38959E-C1 3.237SEOl 2S8Rq5E-O l.6865OE-0x 1.24459E-1
 
9 -1.56862E-ol -2.77536E-0I -2,74645E-01 -3.52500E-01 -2,2758oE-01 -2;45356E-01 -1.5951TE-01 -3,08626E-02
 
10 OO. 0 O. O, 
 o. -9.95128E-03 -4.54741E 	02 -1.18810E-02
 
11 	 0. 0. 0. 0. 0. a* -t,33449E'03 -4.47886E-03
 
0 O" 00, 0! 0! -933778E105
12 	 . o* 

13 . 0 0 0 0, O 0 0 0 0.
 
1' 0. 0. 0, 0, 0, 0. 0, 0.
 
iS 0. 0. 0 0. 0 O1 0 0, 0,
 
16. O, O1 0:' 0. 0 O! 0 of. 0.
 
1?0. 0. 0 , 0, Of 0 0
 
0.T 
TABLE 3-5 (Continued) 
MICROSCOPIC NEOTRON CROSS SECTIONS FOR COMP, ELEMENT NO. 3 
P(I) TRANSPORT CROSS SECTION SET 
1 2 3 4 "6 T" 8 
1 0. 0. 0. 0. 00 00 O. O0 
23 Ot 0, 00. of0. O,D, 0!O0 0,0, 000, 
4 0. 0 0. 0 O. O 
5 0. 0, 0 0O 0. 0. 0. O 
6 0. 0. 0, 0 O, 0 0. 0* 
7 0. 0. a 0.o  0. 





-2.11312!CO0 -7,08545E-01 -1,08981E+00 -7,39779E-01 
0. 0. 0. 0. 
-1i807SEm0i -845475E-02 -6,67588E-02 
0. 0. 0. 
1 O 0 O. 0. o. 0! O 0. 
12 0O.0. 00. Of. O 0. 0. 
13 0, 0. 0. 0. 0. 0. O. O. 




































2 0. 0, O 0. 6. 0* O 0. 
30. 0 O. 0. Of 0! 0O a. 
4 o, 0, 00 0. 0 O0 0 O. 











3:39546EO02 3.a048E-02 0 




































13 00 0. 0. O 0. Of 0. 






















TABLE 3-5 (Continued) 
MACROSCOPIC NEUTRON CROSS SECTIONS FOR CONP, NO. 2 
















14 0.O.16 0. 
2 3 4 5 6 7' 
Do 0. 00 0. 0. 0. 0. 
0. 0. 0,O0 0.; 0o 0O 
0. 0. 0.' O. 0 of 0, 
0, 0. 0. 0. 01 0* 0 
0. 0o., 0? O 00 
0. 0. 0. Ot DO 0. 
0. 0, 0, 0o O 0. 0. 
2.34966E202 32 3.36451E-02 2:39526E:02 .174929E602 3,55919VEh0 9,56620E-O3 
*5.86828E-02 -2,34966E-02 -3.96645E-02 "3.36451E 02 '239526E*02 -I.7*4929E-02 -3.55919E-02 
0. 0O 0, 0. 0 0. 0. 
0. 0. 0, 0. O 0 0. 
0. 0. 0. 0. 0! 0. 0. 
0. 0, O. 0. O? 0. 0, 
0. 0. Do 0. 06 0. 0. 0. 0, 0. 0# DO DO 00O 0, 0. 0. 0. 0. 0. 
17 0. 0. 0O 0, DO 0! 0 G. 
9 10 
1 0. o. 
2 o, 0. 
3 0. 0. 
4 0. 0. 
5 0. Do 
6 o, 0.* 
7 0. 0. 
8 1.69402E-02 1.67826E-02 
9 -9.56620E-03 -1.69402E-oz 
10 0. 0. 
11 0. 0. 
1Z 0. 0. 
13 o, 0 14 0. 0015 O . 
11 12 13 14 IS! 16 
0. 0. 01 0 0. O 
0. 0. O. O 0. 0. 
0. 0, 0. O 0. O 
0. 0. 0. 0. a. a. 
0. -1,28985E-07 -1.21828E-04 0. 0O 0. 
0. -2,21977E-06 -4#94940E-04 -1;22410E-03 O O. 
0. "1,70655E-03 -7,10765Ea03 -T77721E'01 "6.1035BE-03 0. 
2.13413E.o2 1,43375Er02 1.94251E-02 1;73937E-02 1.01190E02 7.44951E-03 
1.67826E-o2 -2.13413E-02 -1,36548E.02 "I;47214E02'-9,57OE-oa3 -1,85176E-03 
0. 0". 0. 5.97077E04 2TZ45E"03 -7.12858E'04 
0. 0. 0. O -8.00694E-05 -2,68732E-04 
0. 0. 0. 0 O -5.60267E06 
0O 0., Do 0. 0 0O 





















TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS FOR COMP. ELEMENT NO# I 
P(1) TRANSPORT CROSS SECTION SET 
1 2 3 4 S 6 7' 8 
t1 
00 






















































































































































































TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON CROSS SECTIONS FOR COMP. ELEMENT NO. 2 
P(l) TRANSPORT CROSS SECTION SET 
1 2 3 4 - S 6 T'8 


























































































































































2,12252E-O1 2,38 2 34E-01 
t.34899E-01 1,42307E.01 


























TABLE 3-5 (Continued) 
MICROSCOPIC PHOTON cROSS SECTIONS FOR COMP. ELEMENT NO. 3 
P41) TRANSPORT CROSS SECTION SET 
1 2 3 4 S 6 7 8 
I 0. 0. 0. 0. 0. 0 0. 0. 
































































































CO 14 0. O. 0. 0, 0. Of 0* O. 
"- 15 0. . 0. 00 . 05 O 0 
16 0. 0. 0. 0. 0. 0! O 0. 
9 10 11 12 13 






















7 1.34296E+00 2.06846E*00 2.18203E+00 1.70265E*00 -9.10301E01 






















14 O 0. 1.44847E-01 7,48766E-02 -6.9056TE-02 
15 0. O. 0. 6 26427E.02 -. 42512E-02 
16- 0. 0. 0. 0. "4.63652E-02 
TABLE 3-5 (Continued) 
MACROSCOPIC PHOTON CROSS SEcTIONS FOR COMP. NO. 2 
P() TRANSPORT CROSS SECTION SET 
1 2 3 4 6 6. ' 
1 0. 0. 0. 0. 0, 00! 
2 o. Do0* 0. 0 0! 0. 0. 



















6 0. 0. 8.03255E.o3 8.65640E-03 I.03251E-02 1;30299E-02 Tl8277BE-03 1.3633BE-02 
7 0. 0. 0. 6.90912E-03 7.32288E-03 8;46132E03 4.36533E 03 6.83766E-03 
8 0. 0. 0. 0. 5.92985E-03 6.16821E03 2.92129E-03 3.92371E'03 
9 0. 0. 0. 0, 0, 5OT214E03 2.17301EW03 2.67079E-03 
10 0. . 0. 0, 0. 0. 180636E03 2.00850E'03 
11 0. .0. 0. , 0.0. 0 1.67917E-03 



















15 0. 0. 0. 0, 0. 0 0: 0* 
16 0. 0. 0. 0. O 0! 0." O. 
1 O. 9 0.* 10 0. 11 0. 12 0. 13 


















6 2.05093E-02 2.77803E-02 3.11809E-02 3.03338E-02 -l21088E-02 










































TABLE 3-5 (Continued) 
COUPLED MACROSCOPIC NEUTRON-PHOTON CROSS SEC!IONS'FOR COMP 
 NO, 1 
P(It TRANSPORT CROSS SECTION SET
 
TAPE IDENFIFICATION NO, 2
 

























0. O. 0. 0 0. 0 0.0. 0. 0. Do 0, o o.0. 0! 0. O; O. 0; 010. O O O 01 0. 0.O O O1 . 0. 0; 01 
0. O. O O 0. 0 0.0. do 0o a' 0. 0." 0.2634966E-02 38#6645E-02 3.36451E-02 2;39526E-02 1,74929E-02 3. 5919FP02 9.5662oE-03 
-5.S6828E-o2 "2.349 6 6E-02 -3.86645E-02 
-3.36451.02 -2.39526E-02 "1t74929E-02 -3.55914E-020. .O 10 0. 0. 
0. 0o a. 0 0. 0. 0. 
o a; o  o. a, o o
































































































































































































TABLE 3-5 (Continued) 
* 0.
360.s Do Of 0. 0. 0. 

9 10 11 12 13 14 15 16
 
1 0. 00 0. 0. 0. O. 0. 0.
 
2 0. 0. 0. 0, 0. 0., 0 0.
 
3 0. 0. 0. 0. 0. 0. 0. 0.
 
0. 0. o o 00. 0 0.
 
5 O 0. 0. -1.288SE-07 -1.21828E-04 0, 0. 0.
 
6 0. 0, O -2,21977E-06 -4,94940L-04 -1.22410E-03 o, 0.
 
7 0. 0. 0. -h10655E-03 -.710765F-03 -7.77215E-03 -b.10358E-03 0.
 
8 169402E-02 1,7826E-02 2.13413E-02 1.43375E-02 1;94251E-02 1.73937E-02 
 I.01190F-02 7.4495SF-03
 
9 -9,56620E-03 -1.69402E-02 -1 67826E-o2 -Zel3413E-02 -1,36548E-02 -1,S7214E-OZ -9 571ooE-03 -1.NbL7 L-03
 
5,9777E-04 -2.72845E-03 -7.1?SDPk-04
10 0, 0. 0. 0. O± 

11 08 O 0. 0. 0. 0. -800694E-05 -2.613Ph-04
 
0. 0. 0. Do O O. 0. -5.6067L-0
12 

13 O O. 0. 0. 0. 0.. 0. 0.
 
14 0. 0. 0. 0. 0 0 0 0. 
15 0, 0. 0. 0. 0 0. 0; 0. 
16 0. 0. .0. 0. 0. O 0. 0,
 
17 0. 0.0 . 0, 0. 0. 0. 0. 
Is 0, O 0 0. '0. 0, 0. 0.
 
19 0. 0. 0. 0, 0. 0. 0. 0.
 




22 0, 0. 0. O 0. 0. 0. 0 

21 0. 0. 0. as 0. 0. 0  

O.  
23 O 0. 0. 0, 0. 0, 0. 0.
 
. ; 0. O; 0.
24 0O,0 o; 

25 0. O O 0. 0.O0 0. O. 0,
 
26 0. 0. 0. 0. o 0. 0 0.
 
2? 0. 0. 0 0. Os- 0. 0 0.
 
0. 0 0. 00 00
28 0. 0* 0; 

29 0. 0, 0. O 0± 0. 0. 0.
 
0. 0! 0. 0; 0.
30 0, O. 0. 

00 0. 0.OO.
31 O. 0. o 

32 o. 0. 0± 0., 0. 0, 0. 0.
 
0. 0. 0. O 0!, 0.
33 0. 0, 

34 0. 0. 0 0. 0. 0, 0! 0.
 
35 0, 0, 0, 0, 0. 0 0. 0.
 
36 0. 0. 0, 0 0!- 0. o; 0
 




1 0. 0. 0. 0. 0. 0. 0, 

2 0. 0, O 0, 04 0, Do 0,
 
3 6, O. O 0. 0., 0. . 0 ­
4 0. 0. 0. 0. 0 0. 0; 0.
 
5 0O 0, 00 O0 Oi O0
O6 
 w6 Of 0 0* Of '0 A0 O 0. 
I,. - -~ .. -F om­
TABLE 3-5 (Continued) 
7 0, 0. 0. 0. 0. 0. ­3 
 1.0751SE-02 185637E-02 1,31527e.02 1,7A0OPE 02 
14856.E-03 1,2511SE-02 1.65239E-02 2.44943E:02 1;64673S6.02 2 L-O?8 
3,1924E-03 2.67215E-03 5'41849E-0 8.29890E-03 4 
,01948E-02





































































































































































































2S 26 27 28 29 




































































15 1.838iE-03 2.30026E-03 2 66176E-04 a.o1726E-03 .1.95367?E-03 
TABLE 3-5 (Continued) 











19 0. O. 0! 5.34710E-04 -4.6308E-0& 
20 0. 0. 0. 0. .3.95768E-04 
21 0. 0. 0. 0. 0. 
22 O. 0* 0 0. . 
Z3 0. 0. 0! 01 0. 
24 O 0. o 0, 0. 
25 0. 00 0 0. 
26 0. 0. 0. 0. 0! 
27 0. 0* a. 0. 0. 
28 0. O. 0. 0. O 
29 0. 0. O 0. 0 
30 O 0. 0. 0 0 
31 0. 0. 0. 0. 0. 
32 O. 0. 0 0. 0. 
33 0. 0. 0! 0. 0 
34 09 0. 64 0. 0. 
35 0. 0. 0 0. O, 
C) 36 0. 0. 0. 0 03 
10
'0 
TABLE 3-5 (Continued) 
P1O) NEUTRON TRANSPORT CROSS SECTIONS FOR REGION I
 
TAPE IOENTIFICATION NO, 3
 
5.47311E-o3 1.57678E-02 1.46541E-01 o. O 6.
 
0!..4T643E-02 0. 0. 0. 0.
 
01. 0, 0, 0 5'5090E-03
 
1.39993E-02:52592E-01 . 0. 0. O
 
11II71E-OI 3.74421E-02 0. 0. 0. 0.
 
0. 0. O. 0. 5.42239E-03 1.28546E-02
 
1.96742E-01 0. 0. 0. 0. 1.35019E'01
 
3;082S0E-02 3.21584E-03 0. 0. , O,
 
0. 0. 0. 5.51406E-03 1,21643E-02 2.43050E-01
 
o0 O. 0. 0. 1.90239E-01 5.40335E-02
 
3.15739E-03 3.56791E-03 0O 0, 0. 0.
0. 0, 6.99780E-03 1.4103SE-02 3.01S8E-O o. 
0. 0. 0. 2.63028E-01 4.65389E-02 1,81556E-03
 
1.80440E-03 1.84560E-03 o. O. 0. 0.
 
00 1.24503E-02 2.26007E-02 3.47292E-01 O 0.
 
0, 0. 3.13867E-01 3.1815TE-02 6.86894E-04 4,06456E-04
 
2.24205E-04 2,26900E-04 0. 0. 0. 0.
2;2TI57E02 4.18219E-Oa 3.51015E-01 0. 0. 0.
 
0O' 2.84609E-01 2.09729E-02 3.S28OIE-05 4,66451E-05 1,62087E-05
 
4!41700E-06 4.19297E-06 0, O Os 4.21ISE-02
 
7?01747E-o2 3.72428E-01 0, 0O 0. 0.
 
3?11939E-O1 4.36911E-oa 1.65ooE-o6 1.0088E-05 2.42?30E'05 8,37107E-06

6.99607E-07 8.64527E-07 0. Go 1,08991E-01 1.76?O8E-01
 
4.3980E-oE ol 0. 01 0. 	 312339E-01
1:83516E102 0no.50879E-o8 2.64916E-07 6.23654E-07 .25 91E-0?
 
7.95196E-09 7.33954E-09 0. 2.62309E-01 3.8QO4E'01 6.02327Ef01
 
0. O, O, 0. 3.21202E-01 1.85206E"o2
 
0 	 0. 1,36263E-09 0. 0. 0.
 
! .0 1.2035E-01 2,73138E-01 5.27714E-01 0*
 
0. 0. 0. 3.11§56E-01 1.8R148E-02 0.
 0! 0. 3,33526E-09 0. 0. 0.
 
0? 3-34616E-01 6.4425?E-01 6,631T4E-01 o 119984E-07
 2.13402E-06 3.33990E-03 3.12494E-01 2,4023BE-02 O co
 
0. 0. 0 0. O. 0.
 
9 ;2379 3E-01 1.85366E+00 1.25464E+00 0. 2.28577E-04 6.171t2E-04
 
9.06228E-03 3.057O0E-01 to54690E-02 0. 0. 0.
 
no. . 00. 1.29816E#00
 
2;68788E.00 1.63479E*00 a. O. h.96248E-0 3 9.27630E-03
 
3.14975E-ol .To8025E-02 5.01454E-04 0. 00 0.
 
O. 0. 0. 0. 2.10984E+00 4,3689TE+00 
2.4528TEO0 0. 0. 0. 8.06727E-03 3.30591E-01 
10 
TABLE 3-5 (Continued) 
1.13939E-02 3.484§SE-03 a.24?03tl0s 0, 00 0, 
0. 0. O 4.27890E00 8*06031E*00 4.B9§!BE.OO
 
4S*0. 0. . 3.9Ns959 o 4flE-o3 





TABLE 3-5 (Continued) 




0! O 0 00 0. Do
 
0. 586828E02 0. O 0. 0.
 
O0 0. 0. 0. 0. Ot
 
0. 0. 0. 0. 00 0.
 
2.34966E-02-.8682E-02 o, 0. 0o 0.
 
0. 0. 01 Of 00 0.
 
0. 0. 0, 0., 0 3,86§S4EE02
 
-2!34966E-02 0. 0. 0. o. 0.
 
0. 0. 0. O. 0. 0. 
0. 0. 0. 0. 3,36451E02"3.B6045E02 
0 0. 0. O. 0. 0. 
0; 0. 0, 0. 0. D. 
0,. O. 0. 2,39526E-02-3,364SE'02 0, 
0. 0. O. O. O. 0. 
0! O. O. 0. 0. 0. 
O. O. I.74929E-oa-2,39526E-02 O. 0. 
O. 0.0. 0. 0. 0. p0' 0. O. 0. 0. 
0. 3.55g1E-02-I?4929E-02 O. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. a. 
9.56620Ee03-3,55919E.02 0, 0. 0. 0. 
0 0. 0. 0. 0. O. 
o; 0. 0. 0. 0. 1.69402E-02 
-9.56620E-03 0. 0. 0. 0. at 
0. 06 01 04 0. 0. 
0. O. 0. O. 1.67!26E-02-1.69492E-02
 
0. 00. O. O. .
 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 2.13413E-02-1.67?26E'02 g.

O. Of 0 0. 0. 0.
 
0. 0. a. 0. 0. -1.28985E-07
 
-2;21977E-O6-1.70655E-03 1.43375E-02-2.13413E-02 0. 0
 
0 0 . 0. 0. O. 0. 
0. 0. . 0. -I.21828E-04-4.94940E-O4
 
-7t076SE-03 1.94251E-02-1.36548E-02 0. 0. 0.
 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. -1,22410E-03-777215E-03 
1.73937E02f-l.47214EfOa2"597077E04 0. 0, 0. 
0. 0. 0. O. O. o. 
0. OD 0. 0. -6.10358E'03 I01190E-02 
TABLE 3-5 (Continued) 
-9,57100E-O3-2,?284sE-O3-8.00694E-05 0. 

O. 0. 0, 0. 



















TABLE 3-5 (Continued) 




8,34522E-02 o, 1,06832E-01 1,06666E-03 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. . 0. 0. 0 .6620E 02 0.
 
1!06459E-01 8.92099E-04 I.S092E-03 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
a. O. 7,95381E-02 0. 1.06674E0 1,8126t7E03
 
3642561E-03 2.71359E'03 0, 0. 0 0,
 
0* 0 O f 0 0 0 0 1
 
7,72627E-02 o. 1.07762E-o 2.78026E-03 4.22383E-03 2,95I4E-03
 
2.36853F-OJ O 0. 0. Of Do
 
0. 0. 0, 0. 7.48961E'02 0.
 
1.10 416E-oI 3.60913E-03 5.61549E-03 3.56064E-03 2.55088E'03 2.07?ZE 03
 
0. 0. O 0. 0. Do
 
(0. 7.35093E-02 0. 1#15447E-01 6,26433E-03
 
8.4029A -0 4.58111E-03 3.02046E-03 2.22500E-03 1.84035E-03 0.
 
'00. 0. 0. 0. 0. 0
 
7,35854E-02 1:21456E-01 4,41996E-03 5,66013E-03 2.79047E-03
 
1.59605E-03 1:06495E-03 8,15773E-04 6,822,2E-04 0. 01
 
0. 0. 0, 0. 7.48891E'02 0.
 
1,27574E-oI 5#93132E-03 8,80357E-03 4,91008E-03 2.51994E-03 1,4S -7E
03  
1,02691E-03 7.80908E-04 6.56970E-04 0. 0. 0.
 
0; 0. 7.8 3 084E-02 0, 1.37407E-01 B.55 223E-03
 
1,16409E-02 736050E-03 4.26373E-03 2.2aTB4E-03 1.890E-03 9.77557E-04
 
7.51376E-04 6.35620E-04 o. 0. 0. 0
 
8.63814E-02 0. 1.54b9eE-01 1.39279E-02 1.76399E-02 103?35E02
 
6.8500E-03 4.15968E-03 2.34?2qE-03 1#47056E-03 1.05255E'03 B,1140TE-04
 
6.94961E-04 0. 0. 0 1.07020E'01 0.
 
1.92955E-01 2.68956E-02 2.6569 8E-02 1,2934@E-02 8,18466E-03 5,6939sE'03
 
3.6 53e9E-O3 2.17234E-03 1.40177E-03 1.01039E-03 7.9 7667E-0 4 6.81157E-04
 
. 0. 2,10823E-01 0. 3.41772E-01 .12802E-02
 
455204E-02 2#10091E-02 1,59959E-02 1,37972E-02 1,27520E-02 I.1718E-02
 
1.06000E-02 9067414E-03 8,99243E-03 8.50545E-03 8.21863E'0 3 0.
 
l.1,6 48E+00 0. 1.32971E+00 2 O323oE.01 5.96669E-02 135194E-02
 
6#70947E-03 3,97594E-03 2,7 369 9E-03 1.99020E-03 I.3134SEO3 789616E-04
 
5;06928E-04 3.65350E-04 2,84051E-04 2.41361E-04
 
TABLE 3-5 (Continued) 
P11) PHOTON 	TRANSPORT CROSS SECTIONS FOR REGION 1
 
TAPE IDENTIFICATION NO. 6
 
o. O. o 3.19244E-03 0,
 
0t O Of O O. O
 
0. 	 0. 0. 0. 0. 0.
 
0O 	 2,672aSE-03 4.4856IE-03 0O O* O.
 
0. 0. 0. 0. 0. D.
 
0! O O. O. 00 B04,1@849E03
1,01948E-02 	8.03255E-03 0, 0, 0.
. 

0.. 	 O 0. 0. 0* 0.
 
0. * 0. 8.29890E-03 I.25115E02 tb564DE-03
 
6.909 12E-.0 0. Oo 0. '0. 0.
 
, 0, 0. 0. 0. 0o
 
0, 	 1.07516E-02 1.6 5239E-02 1,03251E.02 7.32280E-03 So92?qSE.03

0.0. 	 0O* 0. 0. 0.
0. . a. o, 0. 1,85637E-02
 
2.4943E.02 1.30299E-02 8,46132E-03 6.16821E.03 5,O72T4E-03 0,

0. 	 0. 0. 0. 0. 0. 
Of O. 1*3152TE-02 1.64673E-02 ?.82TE-030. 

4.36533E-03 	2.92129E-03 211301E-03 1,80§36E-03 0O 0.
 
0. 	 0. 0. 0. 0. 0. 
Do 1.76000E-02 2.56596E-o2 1.36336E-02 6@83766E-03 3.92flE-03
 
2.67079E-o3 2.008SOE-03 i.67917E-03 0, 0. O
 
0.O 	 0. 0. 0. ?.52522E-02
3.35396E-02 2.05093E-02 1.14633E-02 5.91341E-03 3.4924E-03 e.4I§5?E-03

1.835B8E-03 1.54275E-03 0. 0*. 0. 0.
 
0. 0. 0. 4,06410E-02 4,949TOE02 2.77803E-02
 
I.76561E-02 1,03099E-02 5.57356E-03 3,38835E-03 2.38026Et03 I.024TOE-03
 
1A54031E-03 0. 0. O 0. 0.
 
a. 7.63716E-02 7.0469gE-02 3.11809E-02 186256E:02 I.2407SE-02
 
7.59282.E03 4.28778E-03'2. 6176E03 1,89449E.03 1.46032E-03 1.2340E-03
 
a. 	 a. O. 0. 0. ).7a669E-O1

9.43103E-02 3.03338E-02 1,45336E-02 8,94492E-03 6.01445E-03 3,65909E03

2.01726E-03 121822E-03 8,44615E'04 6.39137E-04 5:347IOE"04 Do
 





-e. 55E--5089459E 044.6 3081IEe043,9576E.OF4 
TABLE 3-5 (Continued) 
CONTENTS OF CROSS SECTION DATA TAPE - TAPEI 
SEQ. NO, TAPE NO, GROUPS TITLE 
1 1 29 REGION I CU235AL Pt 
2 2 29 REGION I CU235,AL PI 
3 3 16 REGION 1 CqU235,AL PA 
4 4 16 REGION I CtU235,AL P1 
5 5 13 REGION I C#U235,AL P1 




sections are those listed for each element in the composition. If NPRIN = 1, the microscopic, 
broad-group, neutron and photon cross sections are then printed out for each element in the 
composition. The microscopic, broad-group, photon, neutron, and coupled neutron-photon 
cross sections are then printed out. If P composition data are requested, these data follow 
the P0 data. 
Finally, the output tape is rewound and read to obtain a complete listing of the 
contents of the tape. The contents are then printed listing the tape ID numbers, the number 
of energy groups for each set, and the title given to each set on the tape. 
3.5.2 Punched Output 
Four sets of data are punched on cards by the APPROPOS code. These are: 
1) The fine-group flux spectra for each zone in the ANISN-W calculation 
(NLIB = 4 or 5), 
2) The broad-group fluxes by mesh interval (defined from the ANISN-W tape data) 
and by broad-group (NLIB = 4 or 5), 
3) Library and composition data for the NAGS code, and 
4) Transport cross sections for the DOT-IIW and ANISN-W codes (NTRIG = 0). 
The fine-group flux spectra are the integral fluxes by zone. These data are punched 
on cards in a FORTRAN (6E12.5) format. Each flux spectra begins on a new card. 
The broad-group fluxes are punched out on cards by mesh interval. Each energy 
group of data begins on a new card. Again, a (6E12.5) format is used. These data are 
preceeded by a 3U card (containing a 3 punched in colum 2 and a U punched in column 3) 
and followed by a T card (containing a T in column 3). These data are applicable as flux 
guess data for the ANI N-W and DOT-IIW codes; their use could save a factor of 1.5 or 
more in running time in these codes for eigenvalue dalculatibns. 
The library data for the NAGS code are punched on cards next. The parameter, 
NAA and the arrays, GPF, GDF, DOSEG, DOSEN and UGB are punched on cards using a 
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(6E12.5) format, as well. Each array begins on a new card. The code then punches out the 
arrays, ID, AMU, GNA, and LABEL, on one card as well as the arrays, GI, GA, SE, SNA, and 
URHO, each beginning on a new card. Again, the (6E12.5) FORTRAN format is used. 
The composition data for the NAGS code are also punched out on cards. The 
composition title is first output, followed by the parameters, IS, JS, JF, NELE, and IND, in 
a (613) format, followed by NID (1, n) and ADEN (n) in an (13, E12.5) format. These data are 
then followed by SF, SA, SE, and SI arrays, where region-dependent data in a broad-group 
structure are provided. Each of these four arrays begins on a new card and a (6E 12.5) format 
is used. 
Finally, if NTRIG = 0, the coupled, the neutron, and/or the photon transport cross 
sections (depending on NOD) are punched out on cards in a (6E12.5) FORTRAN format. 
Because these data (in a typical cdlculation) require many,, many cards, tape transmittal of 
the data to the ANISN-W and DOT-IIW codes is recommended. 
3.5.3 Tape Output 
Up to three output tapes are obtained from the APPROPOS code. These are: 
1) Tape 10, containing the Master Library Number 3 and 6 data, (NAPL = 1); 
2) Tape 4, containing the spectra by zone; and 
3) Tape 14, containing the output transport cross section data for use in the 
DOT-IIW and ANISN-W codes. 
When NAPL = 1, the Master Library Number 6 data are input from cards and placed 
behind the Master Library Number 3 data on tape 10. Subsequent calculations should be 
made with NAPL = 2 where read access only is provided for tape 10. Only when a new set 
of data are included in Master Library Number 6 or the "production" tape 10 is being 
generated for the first time should this type of calculation be made. 
Tape 4 contains the spectra by zone. Odd numbered records contain two words: 
the spectra ID number and the number of fine-groups; even numbered records contain the 




Tape 14 contains the output cross section data for the ANISN-W and DOT-IIW 
discrete ordinates transport codes. The first record on this tape contains two words: the tape 
label and the number of sets of cross section data in the tape. Even numbered records contain 
4 integer words (where the fourth integer is the cross section set ID number required by ANISN-
W and DOT-IIW) and 8 alphanumric words of title information. Odd numbered records after 
the first record contain the actual cross sections. The coupled, neutron-photon cross section 
sets are firsp placed on tape for all compositions and all P2 orders follow; and the photon 
cross section data for all compositions and all P orders conclude these data. 
All three of these tapes contain end-of-file marks after the required data. 
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3.6 	 PROGRAM LOGIC 
Presented in this section is an overall description of the program logic in the 
APPROPOS code. Each of the principal operations is described to give the user insight 
into the processing steps performed by the code. 
3. 6. 1 Subroutine Description 
Shown in Table 3-6 is a description of each subroutine and its principal function in 
the APPROPOS code. As shown in this table, each operation or processing step is performed 
by a separate subroutine within the code. This modular approach facilitates the checkout of 
the code as well as the inclusion of additional modular subroutines to extend the capability of 
the code. 
3.6.2 Calculation Procedure 
The APPROPOS code performs the required calculations in a specific, logical manner. 
The first phase of the calculations involves computing core storage requirements for the flux 
spectra computations. If sufficient core storage isavailable, the spectral data are processed. 
The code 	then redefines core storage for the cross section group-collapsing calculations and 
performs 	these computations using the weighting spectra from the previous step. After these 
steps, the core storage is redefined a final time for the remainder of the calculations. 
The next phase of the calculations involves reading of the Master Library 6 data from 
cards or tape. Selected portions of these library data are printed out and punched on cards for 
the NAGS code. Microscopic gamma ray transport cross sections are then read into core for 
only those elements in the problem. 
The code now begins the composition loop. Elemental data are read from cards and, 
gamma ray, and coupled neutron­depending 	on the input options chosen, neutron, 
gamma ray transport cross section data are calculated and placed on the output data tape. 
Afte all 	composition data are read, the output tape is rewound and read to obtain a conveni­







LIST OF APPROPOS CODE SUBROUTINES AND THEIR PRINCIPAL FUNCTIONS
 
Subroutine Name 	 Principal Function 
APPROPOS 	 Initializes core storage, computes flexible dimension 
data storage, prints out Data Sets 1 and 2, controls 
code logic for spectra input, group-collapse, and 
upscatter-removal calculations 
SLAVE 	 Controls code logic for the remainder of the calculations, 
reads and prints the region data from Data Set 4 and per­
forms final edit of the output cross section tape 
LIBRAR 	 Reads in Master Library 6 data (including photon produc­
tion data and selected nuclear parameters), adds Master 
Library 6 to Master Library 3, if requested 
MICTAP 	 Reads in microscopic gamma ray transport cross sections 
from Master Library 4 
ERROT 	 Prints an informative error message when an end-of-file 
is encountered on any of the library tapes 
NAGLIB 	 Prints and punches on cards the library of data prepared
 
for the NAGS code
 




MICRON 	 Reads broad-group microscopic neutron transport cross
 




TOMMIX 	 Performs mixing operations by composition for both neutron 
and photon microscopic cross section data 
GASP' 	 Forms the gamma ray production matrix linking the neutron 




TABLE 3-6 (Continued) 
Subroutine Name 	 Principal Functions 
COUPLE 	 Places on output tape, prints, and/or punches on cards 
the simultaneous transport cross section matrix 
SEQUEN 	 Places on output tape, prints, and/or punches on cards 
the neutron and gamma ray transport cross section matrices 
for sequential analyses 
SCOUT 	 Prints out two-dimensional arrays from various phases of 
the calculation 
WATE 	 Sets up the neutron reaction rate cross section collapsing 
operation over the selected spectral data and controls the 
spectral weighting of the neutron transport cross section data 
WATE I 	 Performs the spectral weighting and group-collapsing of 
the reaction rate data 
WATE 2 	 Performs the spectral weighting and group-collapsing of 
the neutron transport cross section data 
SPECT 	 Reads the ANISN-W output tape to compute the region 
average flux spectra to be placed on Tape 4 for use in 
subsequent APPROPOS calculations 
GOUT 	 Rearranges a variable dimension array for printing 
OW 	 Prints out a special page of output at the conclusion of 





3.7 METHOD OF SOLUTION 
Because the APPROPOS code is essentially a data processing code, the method of 
solution in the code reduces to the program logic described in Section 3.6. 
Three basic calculations are performed by the APPROPOS code. The first major 
calculation is the group-collapse operation'using the spectral weighting data. The broad­
group cross section, "a, (whether a reaction rate or a transport cross section) is computed in 










where: p, is the weighting spectrum for fine-group, g, 
and: m and n are the upper and lower bounds of the particular broad-group within the 
fine-group data. 
If reciprocal weighting is chosen and the particular cross section set includes a trans­






where: P isdefined above,9 




The second major calculation in the APPROPOS code is the upscatter-removal 
calculation. The redefined, down-scatter cross section into group h from group g, where 
g < h, is calculated by 






Thus the net transfer of particles (or energy) between groups h and g is preserved by 
this technique. 
The final major calculation in the code is the calculation of the scatter matrix 
elements from a given neutron broad-group, g, to a particular gamma ray group, k. 
The calculation, by element, isas follows: 
ag [rk (n f) + rk (n;f)d a g k (n, y)* a g (n, y
 
+Jr.R k)n p kg ) 1f r
 
rg,k n',y)* a(n; n',
 
where: rk (n;f)p is the spectrum of prompt gamma ray energy from the fission of 235 Uranium, 
Fk (n;f)d is the spectrum of decay gamma ray energy, for a specific reactor run time, 
from the fission of 235 Uranium, 
Fk (n, y) is the spectrum of gamma ray energy due to (n, y) reactions (and in particular 
cases, (n;p, y) and (n;a, y) reactions, as well), 
rg, k (n; n', y) is the spectrum of gamma ray energy released, including continuum 





g is the microscopic, broad-group fission cross section for the element,f 
og(n, y) is the microscopic, broad-group capture cross section for the element, and 
a9 (n; n', y) is the microscopic, broad-group total inelastic scatter cross section for 
the element. 
This cross section, ag.i.k' is generated only for coupled calculations. All remaining 





4.0 NAGS CODE 
When the vast amount of data handling required in 6 complete, two-dimensional 
radiation analysis of a nuclear system is considered, the need for an automated, data 
processing link between discrete ordinates transport techniques and both point kernel and 
Monte Carlo techniques is evident. The NAGS code provides this needed link. NAGS. 
processes multigroup, neutron and photon flux distributions for one-dimensional, slab or 
cylinder geometry models, or two-dimensional, rz or r,&. geometry models. Flux input data 
to the NAGS code are obtained by magnetic tape or disk from the ANISN-W or DOT-IIW 
discrete ordinate transport codes described in Volumes 4 and 5 of this report. Additional 
input data required by the NAGS code are prepared by the APPROPOS code described in this 
volume. The NAGS code provides: 1) neutron and photon source data for use in point kernel, 
Monte Carlo, or discrete ordinate transport analyses, 2) neutron and photon dose rates, and 
3) nuclear energy deposition data (neutron and photon) for use in subsequent thermal and 
hydraulic design analyses. Source distribution data are generated, on punched data cards 
for input into the KAP-VI code (Volume 6) and on magnetic tape for use, in the ANISN-W 
or DOT-IIW codes. Optional, SC-4020 plotting of the source distribution or energy deposition 
data is also provided. 
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4. 1 COMPUTER CODE SYNOPSIS 
1. Name: NAGS(1) (Neutron And Gamma Ray Sources) 
2. Computer: The code is designed for the UNIVAC-1108 computer. 
3. Nature of Physical Problem Solved: The NAGS code provides: 1) neutron 
and photon source data for use in point kernel, Monte Carlo, or discrete ordinate transport 
analyses, 2) neutron and photon dose rates, and 3) nuclear energy deposition data (neutron 
and photon) for use in subsequent thermal and hydraulic design analyses. 
4. Method of Solution: NAGS processes multigroup, neutron and photon flux 
distributions for one-dimensional, slab or cylinder geometry models, or two-dimensional, r,z 
or rg geometry models. Flux input data to the NAGS code are obtained by magnetic tape 
or disk from the ANISN-W (2 ) or DOT-I IW(3 ) discrete ordinate transport codes. Additional input 
data required by the NAGS code are prepared by the APPROPOS code (1). 
5. Restrictions on the Complexity of the Problem: The NAGS computer code 
utilizes flexible dimensioning and magnetic tape or disk files to process the required data. 
Because of the use of the flexible dimensioning technique, no size restriction is imposed on 
any given array but the sum of the length of all data arrays is restricted by the available 
computer core memory. 
6. Typical Running Time: A typical, design calculation (containing 3000 mesh 
cells, 16 neutron energy groups, 13 gamma ray groups, 15 elements, and 60 regions) to compute 
the neutron and gamma ray source distributions requires 5 to 10 minutes of UNIVAC-1108 CPU 
time. 
7. Unusual Features of the Code: The use of flexible dimensioning and 
the optional ability to plot the source distribution and energy deposition data with the 
SC-4020 plotter are included in the NAGS code. 
8. Related or Auxiliary Codes: Flux input data are obtained from the ANISN-W (2) 




9. Status: The code is in production use. at the Marshall Space Flight Center 
(MSFC). Users at MSFC load the code from a tape or disk with control cards followed by. 
user' s input data. 
10. 	 References: 
1. R. G. Soltesz, R. K. Disney, and S. L. Zeigler, WANL-PR(LL)-034, 
Volume 3, "Cross Section Generation and Data Processing Techniques," 
August 1970. 
-2. 	 R. G. Soltesz and R. K. Disney, WANL-PR(LL)-034, Volume 4, 
"One-Dimensional, Discrete Ordinate Transport Technique," August 1970. 
3. 	 R. K. Disney, R. G. Soltbsz, J. Jedruch, and S.L Zeigler, WANL-PR(LL)­
034, Voluine 5, "Two-Dimensional, Discrete Ordinate Transport 
Tedhniques," August 1970o 
4. 	 R. K. Disney and S. L. Zeigler, WANL-PR(LL)-034, Volume 6, 
"Point Kernel Techniques," August 197U. 
11. Machine Requirements: The NAGS code is in production-at MSFC on the 
UNIVAC-1 108 computer with 65K.core storage locations. The program requires approximately 
16K decimal locations for the-program; the-remaining 49K decimal locations are available for 
problem data storage. 
12. Programming Language Used: The NAGS code is written in.standard,.USASI 
FORTRAN-IV. 
13.. Operating System or Monitor Under Which Program is Executed: The NAGS 
code is operational under the UNIVAC-1108, EXEC 8 Monitor System at MSFC. 
14. 	 Other Programming or Operating lnformation or Restrictions: ,None; 
15. 	 Name and Establishment of Authors: 
­









4.2 INPUT DATA DESCRIPTION 
4.2.1 Input Format 
The input data for a NAGS problem are subdivided into four sets of data. 
These four sets, are as follows: 
1) General problem data - integer data pertaining to data or array dimensions 
(i.e., number of mesh, number of groups, etc.), problem title information, integer control 
words, flux normalization parameters, neutron fission parameters, and mesh cell specifications; 
2) Flux data - input flux data required for the NAGS code, including mode of 
input;(the flux data are supplied from tape or disk); 
3) Library data - neutron and photon multigroup quantities, and for each 
element: identification, physical constants and groupwise nuclear data; 
4) Region data - region title information, region composition by element or 
material, and depending upon the library option or type of calculation, region dependent 
multigroup neutron cross sections. 
All card input to the NAGS code is entered in fixed, FORTRAN formats. For 
convenience, the number columns required per input parameter are either 3, 6, or 12 so that 
the probability of an input error due to card format is minimized. 
The initial data input to the NAGS program specifies: 1) the amount of 
available core data storage, 2) the data array sizes of all input quantities, 3) the program 
input/output control options, 4) the flux normalization constants, 5) the fission neutron 
spectrum and the number of neutrons per fission event, and 6) the mesh cell dimensions of 
the problem geometry. These data are input as described in Data Set 1 in Table 4-1. 
Input flux data for the NAGS code are input from binary tape from either the 
one-dimensional ANISN-W, or two-dimensional DOT-IIW, discrete ordinate transport code. 
Input flux data is supplied from tape 11, tape12, or both tape 11 and 12 depending on the 





independent such that a logical tape record is ICT x JCT long and there are NGN(NTYPE = 1), 
NGG(NTYPE = 3), or NGN + NGG(NTYPE = 2) records on the binary tape. 
The library data for the NAGS code are a compilation of the nuclear and 
radiation data for the reactor geometry and for the elements in the reactor. These library 
data, are obtained as a complete punched decimal data deck from the APPROPOS code or 
can be input by the user. The data are divided into two sections referred to as general data 
and element data. The general data include neutron and photon group dependent quantities 
required for photon energy release from fission, neutron dose rate, neutron kinetic energy 
heating, and photon dose rate calculations. The element data are required for each element 
in the problem. These data are described in Data'Set 3 in Table 4-1. 
The final input data to a NAGS problem are the region data which: (1)titles 
the region input and calculation data, (2) defines the'location of the region in the two 
dimensional mesh cell description, (3) defines the numberof elements in the region, (4) provides 
a program control word, and (5) depending on the type of NAGS problem (source or energy 
deposition), provides the material density and weight in the region, the element identification 
numbers, the element weight fractions or atom densities, and microscopic cross section data. 
The description of a region in R,Z or R,0 geometry and the specification of 
the region external boundaries for a region are illustrated in Figure 4-1. These regions may be 
parts of a larger irregular region. The user must describe irregular regions as a composite 
of NAGS regions. The user must exercise caution in specifying regions so that region mesh 
overlays do not occur for photon or neutron source calculations 'because the NAGS region 
calculations are always initialized (all values set to 0.0) for each region and in source 
calculations, the source data are saved for all resh cells for subsequent reactor geometry 
integrals, and for the generation bf the fixed distributed source tape. 
The input data cards for each region and each type of calculation are described 












R-0 (ANNULAR SECTOR) 




4.2.2 Input Data Instructions 
This section is to be used as a guide in preparing problem input data for the 
NAGS code. Other sections present a more detailed description of the data presented here. 
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TABLE 4-1 INPUT INSTRUCTIONS FOR THE NAGS CODE
 
DATA SET I - General Problem Data 
-Card Number Format Column Variable 
(15) 1-5 NMAXRS* 










Maximum number of locations 
available for SATURN data (i.e., 
NMAXRS=47000 10 on the UNIVAC­
1108, EXEC 8 Computer with a 
65K core memory storage available). 
Number of radial mesh intervals 
in the input flux solution. 
Number of redefined radial mesh 
intervals to be used inall calcu­
lations and output data. 
Number of axial** mesh intervals 
in the input flux solution. 
Number of redefined axial mesh in­
tervals to be used in all calculations. 
'Total number of neutron groups 
NOTE: If NTYPE = 3, then NGN is 
input as NGG since only photon 
fluxes are required input to the 
NAGS program when NTYPE = 3. 
Number of fast neutron groups 
(Neutron kinetic energy is calcu­
lated for NFAST groups). 
Number of fast neutron groups for 
photon production from neutron 
inelastic scatter. 
Number of photon energy groups. 
Number of elements in the library 
data. 
* The maximum value of NMAXRS is determined by the maximum size of blank common set 
at code compile time. 
** 	 Azimuthal coordinates in revolutions (R-0 input flux solutions) can be substituted for axial 
coordinates in centimeters (R-Z input flux solutions) without any program changes. All 





TABLE 4-1 (CONTINUED) 
Card Number Format Column Variable Description 
2 (cont.) 28-30 NTYPE Program control word for the type 
of calculation to be performed. 
NTYPE = 1: 
calculation. 
Photon or neutron source 
NTYPE = 2: Combined neutron and 
photon energy depositibn calculat)ri. 
NTYPE = 3: Photon energy deposition 
calculation only(i.e., fission product 
decay heating). 
31-33 NGSDP Program control word for punched 
output. 
NGSDP = 0: 
- NGSDP = 1: 
No punched output 
Source Data punched 
out for the KAP-VI point kernel code 
NGSDP ­ 2: Source Data punched 
out for the FASTER code. 
NGSDP = 3: Source Data punched 
out for both codes. 
34-36 NPLOT Program control word for SC-4020 
plotting 
NPLOT = 0: No plotted output 
NPLOT = 1: PLotted source or 
energy deposition distributions 
37-39 NCRD Program control word for classificatior. 
of plotted output. 
NCRD = 0: Plotted output is 
unclassified 
NCRD = 1: .Plotted output contains 
Confidential Restricted Dc;a accord­
ing to the Atomic Energy Act of 
1954. This parometer fell, the code 
to olace ti, appropriate CRD label 
at the top ad bottom of each jraph 
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TABLE 4-1 (CONTINUED) 
Card Number Format Column Variable Description 
2(cont.) 40-42 NCOPY Type of plotted output 
NCOPY = 9: Hard copy only 
NCOPY = 35: Microfilm only 
NCOPY = 44: Both hard copy and 
microfilm 
43-45 NPRINT Flux Print Option 
NPRINT = 0: No fluxes are printed 
NPRINT = 1printed Neutron fluxes are 
NPRINT = 2: Photon fluxes are 
printed 
NPRINT = 3: Both neutron and photo: 
fluxes are printed, if input 
3 (12A6) 1-72 TITLE Overall problem title (72 a]pho­
numeric characters). 
4 (2413) 1-3 NCD Not presently used by the program. 
NCD = 0. 
4-6 NBIN Input flux data control word which 
specifies input mode of flux data for 
different types of calculations (refer 
to Data Set 2 for details). 
7-9 NLIB Library data option. 
NLIB = 0: Short library data option 
with region dependent neutron cross 
section data included with region 
input for each element, m. 
NLIB = 1: Long library data option 
with region independent neutron cros 
section data included in fhe librar, 














Source positioning indices in the 
radial direction for all calculated 
results. NEX and NEXI are provided 
to enable the user to perform a NAGS 
calculation on a section of a reactor 
geometry and then position this 
section of data in a different reactor 
or problem geometry. 
The number of zero entries to the 
right of the NAGS calculated sources 
in each radial row. 
The number of zero entries to the left 
of the NAGS calculated results in 
each radial row. 
Starting radial mesh cell number in 
the NAGS input fluxes to be used in 
the redefinition of flux data. If in 
storage allocation, a flux edit is 
possible or desired for only a section 
of the input fluxdata then the user 
may specify ISTART/I. ISTART is 
equal to the left mesh cell number 
of a section of the reactor geometry. 
The NAGS program redefines the flux 
data such that this left mesh cell 
number flux data will be the first 
mesh cell of the section. The mesh 
coordinates of the cells are altered 
to agree with the new mesh cell 
description. 
Starting axial mesh cell number in 
the NAGS input to be used in re­
definition of flux data. The dis­




TABLE 4-I (CONTINUED) 
Card Number Format Column Variable Description 
4 (cont.) 22-24 NPUN Binary tape output control word. 
Neutron or photon source data are 
placed on tape. The tape contains 
NGN or NGG logical records each 
of size, (NEXI + 1CM + NEX)' 
Jo). 
NPUN = 0: No binary data tape of 
sources is to be prepared. 
NPUN = 1: Neutron distributed 
source (Q9) is placed on Tape 8. 
NPUN = : Total photon distributed 
source ( 0T IJ) is placed on Tape 8. 
NPUN = 3: Fission product decay 
photon distributed source (QDIJ) is 
placed on Tape 8. 
25-27 JCO Source positioning index in axial 
direction for all calculated results. 
This index is similar in operation 
to the NEX index in that the program 
generated output on Tape 8 has logical 
records of size ( (NEXI + lCM + NEX) 
*JCO) where the last (NEXI + [CM + 
NE X)* JCO -JCM) pieces of data 
in each logical record are 0.0' s. 
JCO must be greater than or equal 
to JCM. 
5 (E12.5) 1-12 ZREF Reference plane distance in inches 
from Z = 0.0. This inputfquantity
adjusts all axial dimensions by Z.= 
ZREF - .3936 * 7r so that energy) 
deposition and source data can be 
printed relative to a Z plane other 





TABLE 4-1 (CONTINUED) 
Card Number Format Column Variable Description 
6 (6E12.5) 1-12 ENU Average number of neutrons released 
jer fission event, vg. 
For photon flux input, ENU = 1.0. 
13-24 EFF Fraction of fissions due to neutron 
fission events, EFF = 1.0, except 
where cross section data represents,, 
(n, 2n) reactions by psuedo-fission. 
-25-36 EFK Multiplication factor, K of, of the 
problem which provides input flux 
datci. For photon flux input, EFK = 
1.0. 
37-48 VOLC Volume of fissionable regions. For 
R-Z input flux data, VOLC = 1.0. 
49-60 CONV Conversion factor for input flux data 
in units of fissions per second. 
61-72 PK Area factor to account for partial 
geometrical solutions in transport 
problems (i.e., PK = 1.0 for R-Z 
geometry but for R-g problems, 
PK =9 
7 (6E12.5) 1-12, 13-24 CHI The fission neutron spectrum, xg 
25-36, etc. (i.e., the fraction of a fission neutron 










Card Number Format Column Variable Description 
8 (6E12.5) 1-12, 13-24. UNU Neutron release rate (No. of 
25-36, etc. neutrons) per neutron fission 
event by groul3 ,Vg­
(NGN Values) 
9 (2413) 1-3, 4-6, IC Mesh coordinate number of the right 
etc. radial mesh coordinate of each re­
defined mesh cell. (e.g., if no • 
redefining or reduction of mesh cell 
description is required, IC = 2, 3, 4, 
5, 10, 11, 12, ... ICT; or, ifa 
reduction of two mesh intervals must 
be made, IC =2, 4, 5, ... 10, 12, 
ICT, where 3 and 11 are removed.) 
(1CM Values) 
10 (2413) 1-3, 4-6, JC Mesh coordinate number of the top 
etc. mesh coordinate of each redefined 
mesh cell. The discussion of IC is 
applicable to JC. 
(JCM Values) 
11 (6E12.5) 1-12, 13-24, R Radial mesh coordinate (line) dimen­
25-36, etc. sions for the input flux data (ICT + 1 
values). 
12 (6E12.5) 1-12, 13-24, Z Axial mesh coordinate (line) dimen­
25-36, etc. sions for the input flux data (JCT + I 
values). 
For r, 0 problems, the coordinates 
in the 0 - direction are input in 





DATA SET 2 - FLUX INPUT DATA FROM TAPE
 
Type of Calculatton 
.(Input Parameter) 
NTYPE NBIN 
(lype of Flux Data) 
I Tape 12 (Source of Flux Data) 
1 Neutron ---- DOT-IIW or NAGS 








DOT-IIW or NAGS 
AN ISN-W 
2 1 Neutron Photon DOT-IIW or NAGS 
Neutron and Photon Energy Deposition 2 2 Neutron and Photon ---- DOT-IIW or NAGS 
2 3 ---- Neutron and Photon ANISN-W 
3 1 Photon ---- DOT-IIW or NAGS 
Fission Product Decay Heating 3 2 Photon ---- DOT-IIW or NAGS 
3 3 ---- Photon ANISN-W 
Nteo: 	 1) If NBIN = I or 2, neutron flux data tapes contain NGN records and photon flux data tapes contain NGG records. 
2) If NBIN = 3, the respective data tapes contain a lead record of arbitrary length before the flux data records. 
0g 
TABLE 4-1 (CONTINUED) 
DATA SET 3 - Library Data 
Card Number Format Column Variable Description 
General Library Data 
13 13 1 -3 NEL 	 Number of elements in the library. 
(This parameter should agree with the 
parameter, NEL, on card 2 of Data 
Set 1). 
14 (6E12.5) 1-12, 13-24, SFPS Prompt fission photon spectrum for each 
25-36, etc. photon energy group (MeV/fission) NGG 
values 
15 (6E12.5) 	 1-12, 13-24, SFDS Fission product decay photon spectrum 
25-36, etc. for each photon energy group (Mev/
fission ) NGG values 
16 (6E12.5) 1-12, 13-24, DKG Photon dose rate conversion factors for 
25-36, etc. each phot2 n en.lrgy group (Dose rate/ 
Mev-cm sec ) NGG values 
17 (6E12.5) 	 1-12, 13-24, DK Neutron dose rate conversion factors 
25-36, etc. for each neutron group (Dose rate/n 
2 ­cm -sec 1) NGN values 
18 (6E12.5) 	 1-12, 13-24, D0 Upper lethargy of each neutron group. 
25-36, etc. NGN values. At 10 Mev, DU = 0.0 
Data Cards 19 - 28 are required for each element in the library.
19 (13, 2E12.5, 1 -3 NID Element or nuclide identification number 
22X, A6) (a table of element identification 
numbers for the MSFC library are pre­





TABLE 4-1 (CONTINUED) 
Card Number Format Column 
4 - 15 










21 (6E12.5) 1-12, 13-24, 
25-36, etc. 
SAS 
22 (6E12.5) 1-12, 13-24, 
25-36, etc. 
SS 
23 (6E12.5) 1-12, 13-24, 
25-36, etc. 
SNA 
24 (6E12.5) 1-12, 13-24, 
25-36, etc, 
SAG 
Data Cards 25-28 are only entered if 
Description 
Atomic weight of element (grams/gram­
atom)
 
Energy of charged particle (alpha)
 








Neutron inelastic scatter photon energy
 
spectra for each photon energy group
 
arising from neutron inelastic scatter
 




NGG values for each of NI neutron
 
groups with each NGG value defining
 
a set of data starting on a new card
 
Neutron radiative capture gamma toy
 






Microscopic neutron "effective" energy
 
deposition cross sections for neutron
 












Microscopic gamma ray mass energy 
absorption cyefficients for gamma ray 
groups. (cm /gram) 
NGG values 





Card Number Format Column Variable Description 
25 (6E12.5) 1-12, 13-24, SF Microscopic neutron fission cross 
25-36, etc. sections, a9 
NGN values 
26 i6E12.5) 1-12,.13-24, 
25-36, etc. 
SA Microscopic neutron absorption 
cross sections (radiative 
capture), a g . 
NGN values
c m 
27 (6E12.5) 1-12, 13-24, SS Microscopic neutron "effective" energy 
25-36, etc. deposition cross sections, 
NFAST values. 
g m. e 
28 (6E12.5) 1-12, 13-24, SIN Microscopic neutron inelastic 
25-36, etc. scatter cross sections for 






TABLE 4-1 (CONTINUED) 
DATA SET 4 - Region Data 
Card Number Format Column Variable Description 
29 (12A6) 1 -72 ID A 72 character title or description 
of the region. The.,irst 48 
characters appear as the main 
title on plotted data 
30 (2413) 1 -3 IS IS is the radial mesh collapsed 
line number corresponding to 
the left boundary of the region 
(See Figure 4-1) 
4 -6 IF IF is the radial collapsed mesh 
line corresponding to the right 
boundary of the region(See 
Figure 4-1) 
7 -9 JS JS is the axial collapsed 
(or angular) mesh line number 
corresponding to the bottom 
boundary of the region (See 
Figure 4-1) 
10 - 12 JF JF is the axial collapsed 
(or angular)mesh line number 
corresponding to the top 
boundary of the region (See 
Figure 4-1) 
13 - 15 IEL Number of elements in the 
region NOTE: If IEL is 
entered as a negative number, 
the program assumes that this 
region is identical in composition 
to the preceeding region-and 
the microscopic data cards 
(Card 31, 32, etc.) are deleted 
from the deck. The next 
data card will be the title 






Card Number Format Column Variable Description 
30(cont.) 16 - 18 IND 	 Control word. This data controls 
the sequence of operations which 
are to be performed at the 
completion of each region 
calculation. If, IND = 1, the 
program assumes another region 
follows and will return to read 
data (card 29) after calculations 
for the present region are 
completed. If, IND$ 1, the 
program assumes that this is the 
last region and when calculations 
are complete the program transfers 
control to the next NAGS 
operation, which is the calculation 
of region integrals and distribu­
tions. 
Data Cards 31-35 are only required for a source calculation (NTYPE = 1) 
31 (13,E12.5) 1 -3 NLM 	 Element identification number 
corresponding to the library 
element identification number 
NID. 
4 -15 DNM 	 Atom densltcft element in 
region (XIO 
Data Cards 32-35 are only required if NLIB = 0 
32 (6E12.5) 	 1-12, 13-24, SF Microscopic neutron fission cross 
25-36, etc. section, 9 
fm* 
NGN values 
33 (6E12.5) 1-12, 13-24, SA Microscopic neutron absorption 










Card Number Format Column Variable Description 
34 (6E12.5) 1-12,13-24, 
25-36, etc. 
SS Microscopic neutron "effective" 
deposition cross section 0 g 
energy 
NFAST vdlues. em 
35 (6E12.5) 1-12, 13-24, SIN Microscopic neutron inelastic 
25-36, etc. scatter cross sections for 
- production of photons, ca . 
NI values 
Data ccr-..31-35 are repeated for each element in the region (IEL repeats) 
Tls concludes the required 	input data for a source calculation. 
Note that the last set oF region data must have IND on card 30/1. 
Data cards 36-42 are only required for on energy deposition calculation (NTYPE = 2 or 3) 
36 (2E12.5) 12 DGM 	 Density of the material (i.e., 
stainless steel, inconel, fueled 
graphite, beryllium) in tIy 
NAGS region (grams/cm of the 
solid material) 
13 - 24 WTGM 	 Weight of the material in the 
NAGS region (kilograms) 
37 (13, E12.5) 1 -3 NLM 	 Elemeni identification number 
corresponding to the library ­
element identificatton numbers 
NID. 
4 - 15 DNM 	 Weight fraction of the element 
NLM in the material described by 
DGM and WTGM (e.g., the 






Card Number Format Column Variable Description 
Data Cards 38-42 are only required if NLIB 0 
38 (6E12.5) 1-12, 13-24, 
25-36, etc. 
SF Microscopic neutron fission 
cross section, am9 
NGN values 
39 (6E12.5) 1-12, 13-24, SA Microscopic neutron absorption 




40 (6E12.5) 	 1-12, 13-24, $5 Microscopic neutron elastic 




41 (6E12.5) 	 1-12, 13-24, SIN Microscopic neutron inelastic 




42 (6E12.5) 1-12, 13-24, SA If r (n, a) $0, (ENA), then 
25-36, etc. NGN values of a (n, a) are 
required as input 
Data Cards 37-42 are repeated for each element in the region (JEL repeats). 
This concludes the required input data for an energy deposition 





4.3 DETAILED INPUT DATA INFORMATION 
4.3.1 Geometry Description 
The problem geometry is described in the NAGS code as a two-dimensional 
reactor mockup in r, z or r, 9 geometry.. This geometry is similar to that used in the discrete 
ordinate transport code, DOT-IIW. The nuclear system is described geometrically in NAGS 
as a series of rectangular or angular sector regions in a two-dimensional mesh cell layout. 
Figure 4-2 illustrates the limitations of the geometry and the method by which an irregular 
region, D, must be described. Because the program operates on each NAGS region as a 
separate problem, the maximum number of NAGS regions in a single problem is unlimited. 
The integration techniques used to obtain particle fluxes, reaction rates, 
response rates, or particle source data are identical to the DOT-IIW transport method program 
techniques. Hence, completely consistent results are obtained in NAGS and DOT-IIW, i.e., 
the total number of neutrons and photons from the DOT-IIW problem is conserved. Interpolation 
and extrapolation techniques employed in NAGS are based on a linear variation of flux or 
source in the mesh cells and an exponential falloff of flux or source at the external boundaries 
of the reactor mockup. 
4.3.2 Flux Normalization 
Normalization of the flux data is performed after redefinition of the mesh cell 
description. The constants for the calculation of the normalization factor, NF, are dependent 
upon the source of the flux data (i.e., neutron flux from DOT-IIW neutron transport, neutron 
flux from a previous NAGS problem, or photon flux from DOT-IIW)o The user of NAGS has 
at his disposal a six-parameter normalization fcictor. These six parameters are required input 
for each problem and are, also, descriptive of neutron flux normalization constants for a 
DOT-IIW problem. The normalization factor is computed as: 
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z DI-- _ -___ 
R A B 
2. R-9 GEOMETRY 
9 B DI 
A C 
R 
NOTE: 	 A, B, C, D ARE MASTER REGIONS;D 11 02 ARE 
SUBREGIONS OF MASTER REGION D 
REGION DESCRIPTIONS FOR A, B, C, D1, D2 
ARE REQUIRED INPUT FOR NAGS 
Figure 4-2. Sample Irregular Region Geometry for the NAGS Code 
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(® AstronuclearLaboratory 
U" K1 "p 
NF= 
K2 ' keff f 
where: 
v = the average number of neutrons per fissio .(e.g., 
v = 2.445 for a nuclear rocket flight-type reactor). 
K1 = the fissions per second per watt of power. K is dependent upon the 
operating history, gamma ray energy production, and neutron and gamma ray energy leakage 
from a reactor system. For a nuclear rocket flight-type reactor with 15 minutes of full 
power operation, the fissions per second required to produce one watt of thermal power is 
calculated to be 3.21 x 10 fissions/watt-second. 
P = the total reactor power in watts. Hence K1 x P gives the Fissions per 
second at full reactor power. 
K2 = the parameter of revolutions. This parameter is 1.0 for r, z, DOT-IIW 
problems and is included in the calculation of NF to account for-symmetry in ther, Splane. 
In r, 9 problems, the parameter K2 is 9/27r 
keff = the effective neutron multiplication factor (eigenvalue) of the DOT-IIW 
neutron transport problem and is used to normalize all fluxes to a critical (keff = 1.0) reactor 
system. 
f = the fraction of fission events.in the DOT-IIW problem which produce 
fission energy. This factor is included for the case-when the (n, 2n) neutron interactions 
are included in the flux solution as psuedo-fission events. For DOT-IIW problems with the 
MSFC library cross sections, beryl lium (n, 2n) cross sections are not included as fission and P 
is input as 1.0. 
A = the area (or volume) factor. This factor is required only if the neutron 
flux solution is normalized to some value other than the integral of fissions over the source 
volume. For DOT-IIW problems this value is always 1.0. 
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Hence, the normalization factor for a 1575 MW flight-type nuclear rocket 
reactor, in an r, z, DOT-IIW neutron transport problem with a multiplication factor of 1001 is 
computed internally by NAGS as: 
5 xNF 2.445* 3.21 x 1010*1575 x 109 =.22 
1.0* 1.01 * 1.0* 1.0 
Fluxes printed out by NAGS using the above normalzation constant will be in units of 
neutrons at full power (1575 MW) conditions. In normalizing flux data from a photon 
cm2 -sec 
transport problem, or a previous NAGS problem, the six normalization parameters are normally 
set equal to 1.0 if the flux solution in the DOT-IIW photon transport problem is based on 
source problem.normalized distributed fixed source data supplied by the previous NAGS photon 
Also, the neutron flux data from the NAGS problem is a processed library data tape based on 
previously normalized flux data. 
4.3.3 Generation of Collapsed Mesh, Flux Tape 
The final operation on the input flux data is the generation of a binary work 
tape containing the groupwise fluxes to be used in later reaction rate and response rate 
calculations. This data tape can be saved for use in subsequent NAGS problems. For 
example, the neutron flux data tape used in the calculation distributed photon sources is 
used as input for the corrbined neutron and photon energy deposition calculation. This 
neutron flux data tape has the same mesh cell description as the photon source data and the 
photon flux data. 
The binary flux tape, which is generated on Tape 10, remains on this unit throughout 
the NAGS problem. The tape contains a logical tape record for each group with a total of 
[CM (number of redefined radial mesh cells) x JCM (number of redefined axial mesh cells) pieces of 





4.3.4 Library Data 
Library data for a NAGS pr6blem 'include standard neutron and photon multigroup 
constants as well as nuclear data for each element in the reactor geomety. This library is 
generated by the APPROPOS code in a format consistent with the NAGS code input requirements. 
The nuclear constants required in the library for each neutron and photon 
energy group are: 
1) Prompt fission photon energy, r k, for each photon group, k. 
2) Fission product decay photon energy, r , for each photon group, k, and for 
specific reactor operating history (e.g., a nuclear rocket reactor with 60 minutes operation 
at full power). k 
3) Photon flux to dose rate conversion factors, KD, for each photon group, k. 
4) Neutron flux to dose rate conversion factors, Kg, for each neutron group, g. 
5) Neutron multigroup parameters of upper lethargy, Mg, for each neutron group, g. 
The other nuclear library data are required for each element or isotope, m, in the 
library and are as follows: 
1) Identification number, NID 
m 
2) Atomic mass, A 
m 
3) Average energy of each alpha particle emission from neutron capture, E(n, a) 
4) A six (6) character alphanumeric title (i.e., HYDROG, CARBON, etc.)
' k 
5) Inelastic neutron scattering photon energy, r k , from an inelastic event in9 sgm 
neutron group, g, for photon energy release in group, k. 
6) The"effective" energy deposition cross section a el, eff which is computed 
by 
eft 
_el, AEg-Ug x T 2A (1 cm) x el9 




A g is the average energy of group g,4Ug 
2 is the average energy loss per collision, 
(A+1) 2 
(1 - 1cm) is the convection trim for cnisotropic scattering, 
AEg is the energy width of group g, 
AUg is the lethargy width of group g, 
A is the atomic mass of the scattering nucleus,
cm 
pg is the average cosine of the scattering angle in the center-of-mass
coordinate system for group g, 
el is the total microscopic elastic scattering cross section for group g,
9 
7) Neutron absorption cross section for (n, a) reaction, a g for each neutron 
n,ci 
group, g. k 
8) Neutron radiative capture photon energy, r cm' for each material and 
photon group, k. 
9) Photon mass energy absorption coefficient ( am--)k for each photon group, k.Pa  
10) Neutron fission cross sections, 9f, for each neutron group, g. 
11) Neutron radiative capture cross sections, a g , for each neutron group, g.cm 
12) "Effective" energy deposition cross sections, elg , eff" for each fast neutron 
group, g. 
13) Neutron inelastic scattering cross sections, a9g, for each fast neutron group
sm 
for which inelastic scattering is to be calculated. 





when the user employs the NAGS library option of region independent cross-section data. 
4.3.5 Region Data-
Region input data for a NAGS problem are dependent on the type of calculation 
being performed. The region data are processed on an individual region basis. Required 
data for each region are: 
1) A seventy-two (72) character alphanumeric title describing the region 
2) Region boundary mesh cell numbers in the redefined mesh cell description 
3) The number of elements in the region, and 
4) A program control the reading of new region data or to proceed to the next 
step of the NAGS data processing. 
There are two types of calculations which can be performed by NAGS. The first 
type is the neutron interaction calculation which results in the procuction of neutron and 
photon sources in the mesh cells. The second type is the calculation of neutron and/or photon 
interactions which results in energy deposition in the mesh cell. 
Region input data required for a photon source calculation are dependent on 
the NAGS library used for the problem. The element microscopic cross section data described 
below are only required when the NLIB = 0 option is used. The region input data required 
for each element, m, follows as­
1) Element identification number, L, 
2) Element number density, Nm 
3) Element microscopic groupwise neutron cross sections for, 
(a) fission, am' 
(b) radiative capture; a 9cm" 
(c) "effective" energy deposition, ag
em, eff, 





The region data required for calculation of energy deposition of neutrons 
and photons are input for the material (e.g., fueled graphite, stainless steel, etc.) in the 
NAGS region. This technique is used because reactor components or structures are represented 
as part of a homogeneous region material in neutron and photon transport. For subsequent 
thermal analyses, the total heating and its distribution in these components is required. Hence, 
an Inconel bolt can be represented individually in a region to obtain its total heating. The 
input data required for the energy deposition calculation in each material, n, in each region 
are:
 
1) Material density in the region, P
n 
2) Weight of the material in the region, Wn 
=Input data for each element or constituent of the above material (if NLIB 1) are required as:
 
1) Element identification number, L
m 
2) Weight fraction, Nm of the element, Lm, in material, n. 
The data are then processed on a mesh cell basis to obtain the total photon 
source or energy deposition in each mesh cell of a region. 
An option is included in the program to eliminate repetitive input data for a 
NAGS region of identical composition to the previous NAGS region. This option is specified 
by a negative sign on the number of elements for a NAGS region. The program will then use the 
region element data (Lm, Nm and element cross sections) from the preceeding NAGS region 
for all calculations in that region. 
4.3.6 Problem Size Determination 
To determine the number of core memory storage locations required for data 
of a given'problem, each of the expressions below should be evaluated and summed as noted. 
The value of the sum, including the conditions imposed on the. expressions, provides the value 
of the required input parameter, NMAXRS, on card I of Data Set 1. For a NAGS calculation 





calculated value of NMAXRS. All quantities in the expressions below are required'input 
parameters defined in Section 4.2.2 except where defined. The symbolism, MAX (x, x2 ,. . 
signifies the maximum value of the quantities or expressions, x., 'in the paranthesis is used 
in the calculation of the overall expression. 
1. A1	 =2* [(ICT*JCT) + (ICT+JCT+I)] 
2. 	A [(CM *JCM) *(NGG + 2)] + [(ICM +JCM) * 10 , for NTYPE =I 
or
 
A2 	= [(CM *JCM) "3] + [(ICM +JCM) * 101, for NTYPE 2 or3 
3. 	 A3 = NEL* [(NGN*3)+ [(NI* NGG] +[(NFAST*2 + NI] + 8] 
=4. 	 A4 [4*NGG] +[s*NGN] 




A = 	 MAX (ICT, JCT) ,for NGSDP = 2 or 3 




A6 = 	2 * MAX (ICT, JCT) , forNPLOT = I 
The summation of A' syields the total storage Iocationi for a particular problem, 
such that: 
NMAXRS Z A. 
i=1 	 1 
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4.4 	 PROBLEM SETUP INFORMATION 
This section describes the data deck setup for the NAGS code. Information 
on tape assignments, running.time, error messages, and a sample problem, card input is 
provided. 
4.4.1 Tape Assignments 
The NAGS code requires a maximum of 5 tape or disk files. The specific number 
of files required is dependent upon the type of calculation. The file assignments for the NAGS 
code are: 
Tape 5 Input Disk 
Tape 6 Printed Output Disk 
Tape 7 Punched Output Disk 
Tape 8 Distributed Source Output Tape (NTYPE = 1) 
Tape 9 Intermediate Scratch Disk 
Tape 10 Scratch Disk Containing Fluxes from Mesh Cell Deletion Operation 
Tape 11 Input Flux Tape (NTYPE and NBIN) 
Tape 12 Input Flux Tape (NTYPE and NBIN) 
Generally, disk devices should be requested for tapes 9 and 10. 
4.4.2 Running Time 
A typical, design calculation (containing 3000 mesh cells, 16 neutron energy 
groups, 13 gamma ray groups, 1.5 elements, and 60 regions) to compute the neutron and gamma 
ray source distributions requires 5 to 10 minutes of UNIVAC-1108 CPU time. 
4.4.3 Error Messages 
A number of NAGS code generated error messages may be encountered in running 




messages are generally self-explanatory. 
Message Explanation 
Dimension error. Overflow of (1400, for Problem is too large to fit on the computer or 
example) locations) else the value of NMAXRS was input incorrectly 
Error in radial or axial dimensions Either Ri + I <Ri or Z-+ <Z-i 
Error in radial or axial mesh indexing Either ICi + I <lCi or JC <JC i 
Element No. (37, for example) is not in An element has been requested that does not 
library appear in the library or else the element number 
was input incorrectly 
4.4.4 Sample Problem Input 
A listing of the input data for a NAGS sample problem has been included in 
this report in Table 4-2 to illustrate the structure of a complete set of input data. The 





SAMPLE PROBLEM CARD INPUT FOR THE NAGS CODE
 
53000 
34 34 80 80 16 1l 6 13 8 1 1 1 0 9 1 
PROBLEM 15.701 2-0 NAGS SOURCE CALCULATION, MSFC 
0 1 0 0 0 1 1 2 80 
0.0 
1.0 1.0 1.0 
.22758648 .34550195 .18047802 
.00026119 0.0 0.0 
0.0 0.0 0.0 
3.01049 2.64814 2.55098 

2.43513 2.43422 2.43401 

2.4340 2.4340 2.4340 
2 3 4 5 6 7 8 9 10 11 12 
26 27 28 29 30 31 32 33 34 35 
2 3 4 5 6 7 8 

26 27 28 29 30 31 32 
50 51 52 53 54 55 56 

























9 10 11 12 
33 34 35 36 
































155.07 155.20 155.33 
155.85 156.04 156.44 
160.74 162.24 163.74 
171.24 173.24 175.24 
183.24 185.24 186.74 
190.94 191.64 192.04 
192.84 192.94 193.04 














14 15 16 17 
14 15 16 17 
38 39 40 41 



















































19 20 21 22 23 24 25
 
19 20 21 22 23 24 25
 
43 44 45 46 47 48 49 




















3.OOOOOE-03 1.50000E-02 4.OOOOOE-02 1.110OOE-01 2.52000E-01 5.59006E-01
 
3.63000E-01 5.03000E-01 7.08000E-01 9.47000E-01 1.38900E&00 2.05300E00
 
1.23500E 00 
0. 0. 0. 4.27000E-02 2.30200E-01 5.87000E-01 
3.69000E-01 5.00000E-01 5.87000E-01 8.51000E-01 1.00900E&O0 1.15200E&00 
2.67000E-01 
1.06300E-06 1.08300E-06 1.11600E-06 1.16600E-06 1.24000E-06 1.33200E-06
 




TABLE 4-2 (Continued) 
1.200OOE-04 1.05000E-04 8.80000E-05 6.35000E-05 3.25000E-05 k.0300E-05 
1.150OOE-06 1.730OOE-07 2.10000E-08 9.0OOOOE-O9 1.90000E-08 5.62000E-08
 
I.000COE-O7 1.0000--0? 1.00000E-07 1.000001-07
 
0. t.2500EE0 2.00000ECO0 2.50000E&0O 3.25000E&0O 4.50000E&O0
 
6.50000E&O0 7.53000FL00 9.75000Et00 1.17500EGO L.37500E&OI 1.55000E&0I
 
i.7iCOOLEOl .OZcoGOtUl 1.89000EOL 2.00000E1OL
 
L k.C07.7C0OC 3. HYDROG
 
0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 
0. Z.ZZSOOE&.00 0. 0. 0. 0.
 
0. 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0.
 
2.56600E-02 2.670OOE-02 2.83600E-02 3.06500E-02 3.39300E-02 3.78400E-02
 
4.12200E-02 4.37300E-02 4.65800E-02 5.02500E-02 5.43500E-02 6.37100E-02
 
1,.CSO00E-01 
5 t.2OliE&0I 0. CARBON
 
0. 0. 0. 0. 4.26700E&00 0.
 




0. 0. 0. 0. 0. 0.
 
0. 0 0. 0. O. 0. 
0. O. 0. 0. 0. 0. 
O. 
0. 0. .0. O. 0. 0.
 
TABLE 4-2 (Continued) 
0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. . 0. 0. 
0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 
0. 0. 0. 0. 3.31500E&00 I.19100EC0 
0. 0. 0. 0. 3.74400E-01 0. 
0. 
0. '0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 
1.55200E-02 1.505006E-O 1.64200E-02 1.72500E-02 1.84800E-02 2.00200E-02 
2.13400E-02 2.24300E-02 2.371OOE-02 2.53900E-02 2.73900E-02 3.20800E-02 
5.33700E-02
 
10 2.35044E&02 0. U-235
 
0. 0. 0. 0. 3.66200E-03 3.74900E-02 
7.23400E-02 1.49400E-01 2.81100E-01 5.65700E-01 8.55300E-O 9.39200E-01 
2.38300E-01 
0. 0. 0. 0. 0. 0. 
8,00600E-04 6.07200E-03 3.01900E-02 1.70600E-01. 4.84300E-01 8.12500E-01 
2.60400E-01 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 2.04600E-02 1.68200E-01 5.02200E-OL 
2.166GE-01 
0. 0. 0. 0. 0. 0. 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 8.49300E-02 5.18200E-02 2.08100E-01 4.59700E-01 
3.2qOOE-01 4.57600E-01 5.74400E-01 7.87000E-01 1.15900E&O0 1.69400E0 
6.0950E-01 
0. 0. 0. 0. 0. 0. 
C. 0. 0. 0. 0.
 
0n 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 
4.27900E-02 4.15600E-02 3.99400E-02 3.80400E-02 3.57000E-02 3.35100E-02
 




TABLE 4-2 (Continued) 
12 2.38051E02 0. U-238 
0. 0. 4.39900E-PZ 4.72700E-01 6.730OOE-01 3.881OOE-01
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0.
 




0. '0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0.
 




0. 0. 0. 0. 1.120OOE-01 4.50000E-01
 




0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0.
 
0. 0. 0. 0 0. 0. 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 
4.27900E-02 4.15600E-02 3.99400E-02 3.80400E-02 3.57000E-02 3.35100E-02
 
3.23200E-02 3.19600E-02 3.19200E-02 3.46500E-02 4.39500E-02 1.07800E-01
 
4.427C00-01 
27 5.199606O01 0. CHROMI 
5.5600E-01 1.37400E-01 4.92800E-01 4.62200E-01 7.28400E-01 5.86400E-01 
L.9510OE-Ot 1.51400E-Ok 1.b5300E-01 3.527OE-01 4.99000E-01 2.92200E-01 
1.261OOE-01 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0.
0.0.
 
0. 0. 0. 0 0. 0.
 
00 0. 0. 0. 0. 0. 
0.
 
0. 0. 0. 0. O. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0,
0.
 
0. 0. 0. 0. O. 0.
 
a. e. O. 0. 0. Oc­
TABLE 4-2 (Continued) 
0.
 
4.64900E&O0 8.67300E-01 7.79100E-01 5.73800E-01 Z.293OOE-Ot a.82OOE-01
 




0.0. 0. 0. 0.
 
0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. ,.
 
2.28500E-02 4.258005-02 2.233OE-02 2.205OOE-az 2.1820OE-0Z 2.17SOOE-02
 




29 5.58470E&0 0. IRON
 
1.32500E-01 6.51400E-02 2.336005-01 4.2130OE-OL 3.2494GE-01 7.98000E-01
 




0. 0. 0. 0. 0. 0.
 




. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 2.34800E-QL 2.67400E-01
 
6.57800E-02 
c, 0. 0. 0. 0. 0. 0. 





0. 0. 0. 0. 0. 0.
 




0. 0. 0. 0. 0. 0.
 




3.70900E&O 5.29800E-01 7.L60OOE-01 7.52700E-01 6.59700E-01 6.49300E-01
 




0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 
0., 0. a. 0. 0. 0. 
0. 0. a. 0. 0. 0
 
0. 0. 0. 0.1
 
2.39800E-02 2.36600E-02 2.333005-02 2.29400E-02 2.25400E-02 2.23300E-02
 






b.3L800E-02 3.375005-02 1.98300E-01 2.92400E-01 5.40900E-01 5.4020OE-01
 




0. 0. 0. 0. 0. 0.
 
0. 3.916005-03 2.816006-02 1.24600E00 2.86700E-01 2.53400E-02
 
TABLE 4-2 (Continued) 




0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. O
 




0. .	 0O. 0. 0. 0.
 




6.3060CELOO 6.056006-02 1.1350060O0 4.77600E-01 1.38000E-01 1.44300E-01
 




0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 




Z.546GOE-O2 2.50700E-02 2.46400E-02 241700E-02 230800E-62 2.33000E-02
 






0. O. 0. 0. 0. 0.
 
U. 0. I.SZOOOEEOO 0. O. 0.
 
0. 0. 0. 0. 0. 0.
 




0. O. 0. 0. 0. 0.
 




0. 0. O. 0. 0. 0.
 
O.- 0. 0. 0. 0. 7.41OOOE-O1
 
0: 	 0. 0. 0. 0. 0.
 
O0 . 0. 0. O. 0.
 
0. 0. 0. 0. 1 '.0. 0.
 
0.. 0 0. .O
 
4.70000E-02 1.20OOE-01 3o.600CE-01 1.188DOEGO0 I.Z IOQEF.00 1IZOO0E&O0O
 




D. 0. 0. 0. 0. 0.
 
0. O. 0. O. 0.
 
TABLE 4-2 (Continued) 
0. 0. 0. 0. 0.. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 
2.92900E-02 2.86200E-02 2.78100E-02 2.67600E-02 2.54t00E-Q2 2.41900E-02
 




RADIAL CORE CkNTER REGION P1
 




0. ',. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0.
 
0. 0. 0. 0. 0. 3.48974E-07
 
8.69269E-06 1.41880E-05 4.02460E-05 1.09464E-04 2.87,078E04 6.31610E-04
 
1.22557E-03 L.81351E-03 2.66626E-03 5.03252-03
 
9.08066E-01 5.05130E-OL 3.75930E-01 2.60614E-01 1.266BoE0-1 3.15478E-02
 
b.29'82E-03 1.47791E-03 1.76559E-04 2.42593E-05 3.45624E*O0
 




0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
. . 0. 0.
 
5.d4923E-03 2.93096E-03 4.01501E-03 4.00000E-03 4.75340E-03 6.53130E-03
 
2.50207E-C2 4.17416E-02 3.90032E-02 9.85172E-02 2.43568E-01 5.32158E-01
 
L.Q31O7C&OO 1.518942800 2.19993E&0O 4.12774E800 
1.22257E-01 1.59622E-01 9.22759E-02 5.71190E-02 2.96628E-02 8.45080E-03 
4.02053E-03 8.27698E-04 4.08414E-05 5.63454E-06 8.00685E-0 
1.30188E&O 5.38524E-01 6.60972E-02 1.64962E-03 0. 0. 
1 8.02500E-05
 
. 0. '0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 1.01116E-03 3.46556E-03 9.56791E-03 2.68259E-02 6.13091E-02 
1.1B981E-01 l.76031E-DI 2.58804E-01 4.88972E-01 
2.'1700E00 1.60871Eg00 1.23459E&0O 9.31440E-01 5.73917E-01 2.04950E-01
 
5.t6189E-02 1.24366E-02 1.50435E-03 2.06689E-04 2.94471E-05
 




0. 0. 0. 0. 0. 0. 
G. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 1.01116E-03 3.46556E-03 9.56791E-03 2.68259E-02 6.13091E-02
 
i1.i981E-Ol 1.76031E-01 2.58804E-01 4.88972E-01
 
2.11700E&CO 1.608710E0 1.23459E&00 9.31440E-01 5.73917E-OL 2.04950E-01
 
5.26189E-02 1.24366E-02 1.50435E-03 2.06689E-04 2.94471E-05
 
0. 0. 0. 0. 0. 0. 
TABLE 4-2 (Continued) 
29 2.910OE-05
 
00. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 
5.80229E-03 2.92126E-03 4.01728E-03 5.00760E-03 5.82127E-03 2.60135E-02
 
5.57471E-02 4.27721E-02 4.76414E-02 8.20592E-02 1.95652E-01 4.64203E-01
 
8.99067E-01 1.32425E&00 1.91897E0 3.60061E200
 
1.306d5E-01 1.O1528E-0l 6.01563E-02 5.69963E-02 2.41-138E-02 9.74023E-03
 
2.43662E-03 5.11586E-04 1.00192E-04 1.42973E-05 2.03694E-0-6
 




0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0.
 
1.99178E-01 8.03013E-02 1.50000E-02 1.29965E-02 9.91540E-03 1.33923E-02
 
1.81230E-02 2.43469E-02 5.46080E-02 1.29857E-01 3.27500E-01 8.44371E-01
 
1.63497E&00 2.40809E&00 3.489382E00 6.54779E600
 
1.16224E-01 1.23044E-O 1.03101E-O 5.98817E-02 3.93383E-02 2.16557E-02
 
4.72784E-03 1.8310SE-03 1.43090E-04 2.04617Et05 2.93210E-06
 




0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0. 0. 0.
 
0. 0. 0. 0.
 
0. 0. 3.24937E-02 5.19452E-02 7.66140E-02 3.17851E-01
 
7.63640E-01 1.38592E00 1.35340E&00 2.39832E-01 0. 2.01961E-01
 
3.90955E-01 5.7681BE-01 8.34451E-01 1.56560E00
 
7.50313E-02 6.58131E-02 8.90552E-02 7.73842E-02 4.1198 E-02 8.54890E-03
 
L.46218E-03 3.24611E-04 3.61916E-05 4.89326E-06 6.91145E-07
 




1.27709E&00 1.28970E&0 1.23002E&00 1.18805E20 1.39453E200 2.25693E&00
 
4.19871E600 6.99173E&00 1.73327E&01 3.74176EO1 2.60877E&01 6.78783E&01
 
1.85408E02 2.68181E02 4.34848E02 8.86653E&02
 
2.36118E-02 5.25910E-02 9.2140BE-02 1.56516E-01 3.05837U-01 7.70792E-01
 
1. ,941E&O0 3.22406E&00 8.63740E200 2.35536E&01 1.84506E01 1.16230E01 
3.95214E&01 4.69418E&01 7.60849E6Cl 1.55192E&02 
3.49747E-02 3.33389E-02 2.30221E-02 1.62182E-02 1.15926E-02 3.78874E-03 
8.33250E-04 1.96378E-04 2.33971E-05 3.93205E-06 5.07664E-07 
1.910LIE6O 1.75340E&O 1.53611E00 1.6336LEE00 t.32056E600 8.48940E-02 
12 1.40000E-05 
6.G3293E-01 4.62700E-01 2.50127E-02 0. 0. 0. 
0.4 - 0. 0. 0. 0. 0. 
0. C. O. O,1.14151E-02 4.90165E-02 1.24987E-01 1.36793E-01 1.81945E-01 2.90633E-01 
3.9939bt-01 1.62498E&00 9.00224E&00 4.62022E&01 6.22639E&01 4.98406E-01
 
.63aoBIE-01 1.41999E&00 2.05962E&O0 3.89053E:60 

4.CI062L-02 2.99111E-02 2.43606E-02 2.29898E-02 1.44995E-02 4.99696E-03
 
TABLE 4-2 (Continued) 
* t.19125E-03 3.44526E-04 2.35423E-05 3.23450E-06 4.46035E-07
 
2.47643E&OO 2.O52100E&00 2.12516EC00 1.62838E&OO 1.01087E&00 1.26831E-01
 
O AstronuclearLaboratory 
4.5 DESCRIPTION OF OUTPUT 
The NAGS code provides printed output, tape output, and punched card output to 
interface with subsequent point kernel, discrete ordinates transport, and/or Monte Carlo 
analyses. Each of the forms of output; are described in this section. 
4.5.1 Printed Output 
The first section of output from a NAGS calculation (as' shown in Table 4-3) is a listing 
of the storage requirements and starting locations of the variables in the flexible dimension allo 
cation. The code then prints a message indicating the total number of storage locations­
required to execute the problem. 
The next page of output lists selected parameters in Data Set 1. These parameters set the 
variable dimension requirements. Below this listing is a tabulation of the IC, JC, R, and Z 
arrays. The IC and JC arrays are used to perform mesh deletion operations; the Rand Z arrays 
are the coordinate dimensions of the mesh lines bounding the mesh cells in the problem geometr> 
The code lists the neutron fission parameters, x and v as a function of neutron energy group 
The zero reference plane is printed below the tables. This parameter provides a convenient 
method of shifting the z -coordinates for heating calculations. 
The problem normalization factors are printed on the next page. The last parameter, 
the power normalization factor, is the computed scale factor for the flux normalization. 
The next section of output lists the neutron and/or photon scaler fluxes by mesh cell and 
energy group. .These fluxes have been normalized by NAGS, and mesh deletion operations 
have been performed. 
The library input data are printed next. The first section lists the prompt and decay 
gamma ray spectrum of energy released from the fission of 235Uranium. Neutron and gamma 
ray dose rate conversion factors as well' as the upper lethargy of each neutron group are also 
listed. Library data for each element are printed next. The atomic mass units of the element, 
the energy of the emitted a particle, the element name, the spectrum of gamma ray energy 
emitted from thermal neutron capture and inelastic neutron scattering, and the mass/energy 
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absorption coefficient are listed, by element. 
The next section of printout lists the region title, the parameters, IS, IF, JS, JF, NELE, 
and IND, as well as the region-dependent or-independent microscopic cross section data by 
element within the region. These data are repeated for each region in the problem. 
The next section lists the results of the calculations within each region. If the calculation 
is a source calculation, the following information is printed: 
1) The parameters, IS, JS, JF, and JS and their corresponding 
mesh line coordinate; 
2) The number of elements within the region; 
3) The GAM ID number, the element name, the atom 
density (in barns/atom x 1024), the physical density 
(in gms/cm3), the weighf (in grams), the number of 
fissions (fissions/sec), and the number of inelastic 
neutron scattering events (neutron inelastic scatters/sec). 
Theses quantities are region integrated quantities, 
where applicable; 
4) The region volume (in cm3 
5) The region weight (in grams); 
6) The region integrated photon source (MeV/sec), 
fissions (fissions/sec), rieutron source (neutrons/sec), 
and the photon source by photon energy group for 
both .region integrated and region average conditions; 
7) The region integrated neutron flux; 
8) The relative photon, fission, and neutron distributions 





9) The actual data points that are plotted (if requested); and 
10) The card images of the source distributions punched on cards 
and provided for the KAP-VI code (if requested). 
The next page of output lists the total photon source (MeV/sec), the total fissions (fissions/sec), 
and the total neutron source (neutrons/sec) over the entire problem geometry. 
The next section of output lists the neutron source distribution by mesh cell. These data 
are followed by a listing of the fission source distribution by mesh cell. These two output 
data differ by v , the number of neutrons released per fission as a function of neutron group, g. 
The photon distributed source by mesh cell and by photon energy group is the final section 
of printout for a source calculation. 
For a heating calculation, the region output from the region calculation lists the total 
neutron and photon energy deposition as well as the relative distributions along the coordinate 
axes. 
Following these region data, the neutron and gamma ray dose rate, by mesh cell, are 
Iisted. 
4.5.2 	 Tape Output 
At the conclusion of a source calculation, the distributed neutron or photon source 
(depending on NPUN) by mesh cell and energy group is placed on tape 8 in the form acceptable 
to the ANISN-W and DOT-IIW codes. The neutron source tape contains NGN records, where 
each record is ICM by JCM words long (if zeros are not added); the photon source tape contains 
NGG records~where each record is also ICM by JCM in length. 
Tape 10 contains the normalized, mesh cell deleted, scalar fluxes. This tape may be 
used 	for a subsequent NAGS calculation or as a flux guess for subsequent DOT-IIW calculations. 
Both tapes 8 and 10 contain end-of-file marks after the required data. 
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4.5.3 Punched Card Output 
Punched card output consists of punched output source distributions in the format acceptable 




SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE NAGS CODE 
THE STORAGE REQUIREMENTS ARE DETERMINED FROM THE I ARRAY AS FOLLOWS 
04 34 so 80 16 11 A 13 8 35 81 34 80 2820 15 so 160 
AN) THE STARTING LOCATIONS OF EACH VARIAULE ARE DETERMINED FROM THE J ARRAY 
I 3o . 117 151 231 265 345 379 459 3179 5899 46699 46715 46!31 46744 46757 46765
 
46893 47r21 47nb9 47157 47261 47885 47893 47893 47901 47989 48117 48117 48133 49133 48149 48253 48266
 
483o0 48380 48482 48584 48824 49064 49o98 49178 49191 49199 492o7 49215 49295 4! 55 49615 49615 49649
 
497,,9 49737 49745 
TABLE 4-3 (Continued) 
YOUR NAGS IV PROBLEM HAS USED 49745 LOCATIONS OF THE AVAILABLE 53000 DATA STORAGE LDCATIONS
 
PROMLEM IN LINK I
 
TABLE 4-3 (Continued) 
PROGRAM NAGS IV 
PROBLEM 15.701 2-0 NAGS SOURCE CALCULATION, MSFC SAMPLE ?RORL!M
 
* cc..o * C t ecm.6e•.oQeeIe *.h C•e e. * C C * *****hc 
NO.OF RAtUIAL MESH INTERVALS**34e
 
NO.OF cULCINTe!RVALS (R) ***** 34
 
NO. OF AXIAL MtSH INTERVALS** so
 
NO. OF COL. INTERVALS (Q) *** 0 
PUNcH OIIN********
 
NO. OF N:UTRON GROUPS****** 16
 
NO. OF btnMMA RAY GROUPS****** 13
 












NO. OF ZfHOS (HT)************ 0
 t NO. OF ZHOS LT)*****0***** 0 
r.-STAPTING INTERVAL(R)********* I
,0 bTARTINb INTERVAL(L)********* 1
 
IC(l) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17,18 19 20 21 22 23 24 25 
2b 2728 29 30 31 32 33 34 35 
JCCJ) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 
'26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 7 48 49 
JC(J) 50 51"52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72.73
 
74.75 76 77 78 79 80 81
 
R(l) 0.000 7.000 12.000 16.000 20.000 24,000 28,000 32.000 ?5#000 4.000
 
40.000 42.000 43.500 45.000 46.000 47.000 47.750 48.500 49000 ?.500
 
* 50.000 50.400 50.800 51.300 52.000 53.000 54.500 55.880 57.S00 59.000 
60.500 62.000 ..63-.500 b5,000 66.040
 
Z(J) o.000 1.000 2.500 3.500 6.000 9.000 1.000 20,000 ? 000 4!000
 
TABLE 4-3 (Continued) 
41.000 48.000 56000 62,000 69.000 76,000 83,000 90.000 ?.0c 10.000
 
111.000 11.000 125.000 10,000 133,000 1350000 136.3o0 137.160 138.000 14?.000
 
139,700 140,900 143.9oO 141,900 151,900 154,940 155,070 155.200 155.330 155.460
 
155.5o 155.720 155.850 15b,040 156,440 157.040 158,140 159,240 1 0,740 1 ?.240
 
163.740 165,240 161.z40 169,240 1713240 173.240 175.240 177.240 1!!.24o 1@!,240
 
183.240 185.240 186.740 188.240 189.240 190,240 190.940 191.640 192.040 192,240
 




TABLE 4-3 (Continued) 





3 2.55096E oo 
















































EFFECTIVE NU *******4*ee*** 





FISSION VOLUME****** *t 
CONVERSION CONSTANT 
NORMALIZATION CONSTANT 4*t*** 
POWER NORMALIZATION FACTOR ** 















TABLE 4-3 (Continued) 
NFUiTRON FLUXES 
 GROUP NO.. 1
 
12 1 3 s
 
*50 1.75 3*00 
 4.75 7.50 
 11.50
I 3.bq 8.4804E-07 1.0652E-06 12p65Eo06 1,5186E-06 
17.00 23.50
1,8862E-06 2.372?e-06
2 9 .$0 .9.4614E-o 1.0630E-06 ?,99 1&E-06 3,65BE-06
1.263dL-o6 
 1.5155E-0 6 18826E-06
3 14.00 9.4301E-07 1.0594E-06 2,3681tR 06 2.
9 859E-06 3.6505E-06
1z2597E-06
4 IH.o0 8 .3640E-07 1.I510E-0 6 1.8768E-06 2.3609t-06 a*9765E'06 3b6392E-06
1.0540E- 06 1.253E-06 1.5O03BE- 06 1.8683E.06 2.3503E'06
5 22.00 R.174E-07 1.0461L-06 2.9 6 28E-06 3O6222E-06
1,R44bE-6 
14932E-06 l.8555E-06e Z3340G-06
6 26.00 8.214RE-0? 1.0342E-06 1.?311E-06 2,
9 419E-06 3.5962E-06
 
T 3,00 A.063OE:o? 1.0164E.06 1,2108L-06 1.477*E-06 l,8361E-06 2.30934-06 2.09E-06 3,5568E-06
1,4536E-06 I,806BE-O6 2,2714tw
8 3 3.b .875bE-07 9.9422E:07 1.iPSSE-06 1,42 40E_0 6 
06 2.8 610E.o6 3,4975E.06
1:7697E_06 Z.2234E-06 .2.79
 99E-06 3.423?E-06
9 3&.50 7e4lt-:O 9.6712E-07 taS4?E:-n)
6 1.3870E-o0 1.7231E-0 6 2.1632Ew06 2.7245E-e 3 ,
10 39.00 7.390-)E07 9.3731E-07 
3 313E-06
1.1202t-06 1.346 0E06 1.6712E-06 2.0 972E-06




12 42,75 6.8 
1.3019E-06 1.6150E-06 2.027E-06 2.554-7E-06 3.1241E-06
29 9E-07 8.7079E-07 x.0432E-06 
1.2 532E-0 6 1.55 36E-0 1.9513E-06 2.4597E-06
13 44.a5 6.5118E-0? B.3334E.07 6 3,0079E-06
9.9940E-07 1l1997E-o6 
 1.4874E-06 1.8692E-06 2.3566E-06
14 2.B6IE-06
45.50 6.1968E-07 7.958?E-07 9.5sbE-o7 
 1.1454E-0 6 1;4217E-06 1:7872E-06
lb 46.bl) 5.M'J77E- 07 7.592BE-07 9.1214L-07 1.0939E-06 1.3575E-06 2.2531E-06 a.7537E-06
 1.7073E-06 2.lb12E-06
16 4f,3T 5.5967E-o7 2,6287E-06
7.2273E-07 8.6795E"07 1 0414E-06 1.2929E-06
11 48.12 1.6256t-06 2.047oE-as
5#2990E-07 6.8628E-07 2.5013E-06
8 8.24 96E-07 9.8SIE-o7
j 48, s 5.0266E-07 b.5206E.07 7.8263E-07 q3873E-07 1.2276E-0 6 1.5422E-06 19419E-06 2-3729E-06
1.1654E.06 1,4635t-06 I.84
 a9E-o 2,2520E-06
I' 4,ab 478431-07 6.2lI6E-g7 7,4472E.07 8.9298E-o7
po 49.75 4.S)5]L-07 1.10b3E-06 1.391BE-06 1.7529E-0 6 2.1420E-06
5.8610E-07 7,0141E-07 8.411E-or
4 1.044JE-0 1.3119E-oG 1.A52SE-06
21 50,20 e5 44E-07 5.SOOOE-07 2.019*E-0
6.57?0E-07 7.8910E-o7 
9.8036E-07 1,2324E-06 I.SS26E-06 
 1,8976E-06
2 bno.o 3 9507E-or 5°1253E07 6131E-07 7 372E-07 9 ,72E-07 1. 39C-ob 1 .54E-6 1 .777E-06
23 51.05 3.4957E-07 4.4944E-07 5,4029E-07 6:5120E-07 8,1202E-01 ],0225E-06 ].289%E-06 h*5763E-o6
 
24 5.6b5 ?.?17 9E-O 3.611BE-07 4:3644F:07 5.2B45Lb07 
 6.6134E-07 :f34*4E-07 1.0530E-ob 
 1.2876E-06
25 52.50 2 1OIE-07 2.7162E-07 3.2874L-07
P6 53.75 4.0030E07. 5,039E-ov
1.454aL-07 1.851i7-o7 a.:?455t-OT 2.7507-0T 3.47lE-D 6.3660-07 8.0416E-07 9.8369E-0721 S$.29 9.4523E-oh 1.2012E-07 4:4094E-07 5.5745E-07 6.8273E-07
1.4566E-07 1h8025E-07 2,2910E-07
2d 56.69 6.3241E-04 H.0137E-o8 9.66a9E-a 2,9157E-07 3.6
9 72E-Ov 4,5259E-07
1.204E-OT 1,5463E-07 1,?750
29 5R2b 4:2208E"0 5-3l12E-O 07 2.5064E-oT 3,0703E-07
 
?.8 9
6.392E- 0 8 7-9545t- 08 1.0304E107 1.32520-o7




31 61.25 -2.0006E-08 2.5266E-oB 1,4242E-07
2.9872E-08 3.68B4E.o0 
4.8095E.08 6.2691tC08 a.0017E-08
32 62.75 1:3851E-O 9.8176E.08
1 .7125E-082-0315-03O ?94949E-05 3.230?E-08 4 ,2506E-08
33 5.4340E-08 6,6707E-O8
64.25 9.9 64CE-O 1.2223E-08 I.4488E08 1,7521E-a0 2.2644E-08 2,9854E-08
34 69,52 8.lo?7E-o9 9;6562E.09 3.836E-08 4,7071E-08
1.1244E-08 1.3594E-08 1.73?3E-08 
293024t08 
2.964EE08 3.6421E-08
4 10 it 12 13
30.50 37.SO 44.50 si.So 14 715, 1658.50 65.50 ??,50
1 3,50 4.2998E'06 4.8518E.06 5.3052E-06 79;50
S.65 I1E-06 S.8830E-06 5.9966Z-06 59893E-06
e bO 4.29 11L-Ob 4.8422E.06 5.2946E.6 5.6398E-06 5.8713E-06 5 8b|E:06
5.?846E.06 5 9774E-o6
3 J1.0 4.2774E-o§ 4.8268E.06 5 St 06
5.277TE.06 
5 621BE-o6 5.8527E-06 5.9655t-06 
 5.9583E-06 5.b312En064. 18.0D 4.2675E-06 4.8043E-06 
5.2530E-06 5.5956E-06
5 e200 4.2Od-06 5.82t3E.06 6.9376E-06 5.9305E-06
4.7699E-o6 5.21S4E-0 6 5,E%55E-06 5.Ro4bE-06
b ?6.00 4.1810-06 4,71781-06 5.IcQ4ES06 5.4949E-06 5.78j5E-n6 5,956t06 S:868OE-6 5o7624E-06
5.7203E-06 5,-30"Z-a6
31.06 4.11lOE-06 4.6389L 06 5.823.7E-06 5,6994E-06
5,0723.-06 5:4030E-06 "
 5.6248E-06 51?333i-06
33.bo 4.023ML-0b 4.5404E-06 4.9647E-06 5.7264E-06 5,bo42E-06
5.2882E-06 5.5054E-06 5.6114- 06 
5.6047E-06 5,4SIE-06 S 
TABLE 4-3 (Continued) 
9 36.50 3.9 15 8E06 4,4187E-06 *.8313E-06 5,1462E-06 5.3574E-06 5,4607E-06 5 4541E-06 5,3376E-06 










































46.50 3 .0 88E- 06 
41.37 2.9392E"06 






































20 49.75 2.37315-0 2.6774F-06 2.9774E-06 3.1182E-06 3.2462E-06 3,3087E-06 3.3048-06 3.2342E-06 





















2 5i.65 1.5135E-06 1.7077E-06 1.8672?E06 1.9889E'06 2.0706E-06 2,110S-06 2.1079E-06 2,0630E'06 





















?b 56.69 3.6106E-07 4.0742E-07 4.455b1-07 4.7454E-07 4,948E-07 5,0355L-07 5,0300£'07 4.9222E-07 
P9 58.25 2.4264E-07 2.73896-07 2.9939E07 3.1903-007 3,3852107 3.3803E'07 3.30871-07 
30 59.75 1.6744L-07 1.8909E-07 2.066et-07 2.2024-07 2.2914E-07 2,3370E-07 2,3328E-07 2.2843E-07 





















34 65.b2 4.2885L-06 4.8386E-08 5.29450-oB 5.6342E-08 5.8731E-08 5:9787E-08 5.9?75E-oB 5,8A66 08 
17 18 19 20 21 22 23 24 
86.50 93.50 100,50 107.50 115.0 12150 127.50 131,50 
1 3.50 5.6159L-06 5.257i1-06 4.792b1-06 4.2317.-06 3.5858E-06 2,86651-06 2.1995E-06 1.7224E-06 





















b a2.00 5.2OSE-06 5.16811-06 4.7115-06 4.1S97E-06 3.5247E-06 2.8177E-06 2.1614E-06 1.6910E-o6 
6 26.00 5.4606E-06 5.1116E-06 4.6600L-06 4.1143E-06 3.4858E-06 2.78 66E-06 2.1376E106 1.6716E-06 
1 30.00 5,3603E-06 5.0262E-06 4.5914E-06 4.045E-06 3,42716-06 2.7394E-06 2.1016E-06 1.6428E106 
8 33.50 5.2552E-06 4.9196E-06 4.4844E-06 3.9594E-06 3.3539E-06 2.6802E-06 2.0562E-06 1.6072E-06 
9 36.b5l 5.1140L-06 4.7874Eo06 4.3642L-06 3.8529E-06 3.2636E-06 2,6071E-06 1.9997E-06 1.5632E-06 































I 45.50 4.2247E-06. 3.9549E-06 3.6oS5E-o6 3.1830E-06 2.6969E-06 2.1538E-06 16475E-06 1.2842E-06 
b 46.b0 4.0431E-0b 3.7754E-06 3,441?L-06 3.03871-06 2.5742E-06 2.0564E-06 1.5735E-06 1.2257E-06 
16 47.37 3.1337E-06. 3.59261-at 3.27SOt-06 2.89171-06 2.4493E-06 1.9561-06b .495BE-06 1.1660E-06 
17 48.12 3.64071-06 3.4081E-06 3.1068E06 2.7432E:06 2.3231E-06 1.85611'06 1.42161-06 1.10781-06 
18 48.15 3.45521-06 3.2344106 2.9486b-06 2.6033E 06 2.2055E-O6 1.7614-06 1,.3491E-06 1.05211"06 
19 49.25 1.2866E-06 3.o7661-06 2.8047E-06 ?.4762E-06 2.09781-06 1.6754E-06 1,2829E-06 1.0007E-06 
TABLE 4-3 (Continued) 





























































































32 62.75 i.0o5bE-O7 9.59811-08 8.7449L-08 7:7301E-08 6.5344E-08 5.2289L-08 3.9465E-08 3.0320E-08 
33 64.25 7.2415E-08 6.7748E-08 6,1791E-08 5,4545E-08 4.6172E-08 3.6902E-08 2+7761E-08 2,146&E-08 




















































































8 33.50 1.30181-06 1.0830F-06 9.2842E-07 8.1598t-07 7.1883E-07 6.4087E07 5.58B01-07 4.1331E-07 
9 3b.50 1.2648E-06 1.0502E-06 8.9801L-07 7.8681E-07 6.9062E-07 6,13411-07 6.3291f107 3,)25BE-D7 
10 39.00 1.224HE-06 1,014B8E06 8.6528E-07 7.5582E-07 6.602E-07 5.8425E-07 5,0579E'07 3,7149E-07 
11 41.00 1.18?4E-06 9.7761E-07. 8.3125.-07 7:2347E-07 6.2949-07 5,54451-07 4.7840E-07 3.508BE-07 
























































































































































30 59.75 5.35685-08 4.8030E-08 4,5656E-08 4,70011-08 5.1648g-08 5.7292E-08 6.3434E-08 5,7353E-08 





















33 64.25 1.86T7oE-08 1.7717-08 1.7386E-08 147540E-os 1.9076E-08 2.1514E o8 2.5409E 08 3.1492E-08 
34 65.52 1,4844E-08 1.436aE-08 1.3942E-o8 1.3387g-08 1.3870E-08 1.5576 -08 1.8371E-08 2.40BE-08 
33 34 35 36 37 38 39 40 








































































9 36.0 ?.4033E-07 1.4157E-07 8.8522L-08 6.9875E-08 6,8237E-08 6.6657E-08 6.5139E-08 6.3672E-08 




































































































































.315 7 E-0a 
2.7 92E-08 




















30 59.15 3.6562E-08 2.4908E-08 1.9 55 bE-08 1.6507E-08 1.7044E-O8 1.7636t-08 1.7894E-oR 1.8428E-08 
31 61.ZS 1.1277E-08 1.8615E-08 1.6121E-08 1.2692E-08 1,1423E-08 1,0784E-08 1.0455E-08 1.0339E-08 
32 62.15 2:8921E-08 1.3756E-08 1:2555E:08 1:4126E:08 1.3314E-08 1:2132E o8 1.0993E-08 1.0011E-08 
33 64,p5 2.5936E­ 08 1,1375E-08 8.0750E-09 1.0348E 08 1,0285E-08 10241E'08 9,862DE-09 9,2427E-09 
34 65.52 2.2333E-08 9.4297E-09 5.8215E-09 606783E-09 7.62601-09 8.0690E-09 8.54B1E-09 8.8004E-09 










































































































































































It 48.12 3.6973L-08 3.6293E-08 3.9361E-08 3.3617-08 3.0810-08 2.66841-08 2,2169E-08 1.7794E-08 

















































24 51.6S 3.1245-08 3.0566E-08 2.97621-OR 2.8237E-08 2.5901E-08 2.2496E-08 1,8671E08 1.5034E-08 
25 52.5a 2.9753-08 2.9046E-08 2.8?361-08 2,68791-08 2.471T7E08 21452E-03 1.78DIE08 1,4325E-08 














































































161.49 162.99 164.49 166.24 168 24 170.24 172.24 i74.24 
1 3.50 3.04401-08 2.3723E-08 1.84 9 1E-08 1,3843E-08 9.8844E09 7.0953 -09 5,0536E-09 3.618SE-09 
2 9.bo 3.0282L-08 2.3571E-08 1.8273E-08 1.37291-08 9.8360E-09 6.996JE-09 5,04lE-09 3.5822E-09 
3 14.00 2.9981E-08 2.3168E-08 1.8072E-08 1.3599E-08 9.6853E-09 6.q407E"09 4.8944E-09 3.5313E-09 
4 18.00 2.9346-08 2.2929E-08 1.7835E.-o 1,32 79E­ 08 9*49451-09 6,7684E-09 4.874€3E-09 3.4381"E09 





















B 33.5f) 2.4491E-08 18674E'-08 1.45601"08 1.0740"08 7.5121E-09 5,2378E-09 3.641E'-09 2.54546"09 
9 36.5o 2.2404E-08 1.7074E-08 1,3011oS0o 9.5227E09 6.6169E-09 4.6341E-09 3,2837E"09 2,3225E'09 

































































TABLE 4-3 (Continued) 
17 48.12 1.3769E-08 1.0639E-08 8.1628 6'09 6.1564E-09 4,3487E09 3,0520-09 2.2113E-09 l,5529E-09 
18 46875 1.33156E08 1.0328E-08 8.041bE­ 09 5,9199E09 4,2639Ee09 2.9792 'o9 2,1107E-09 j.5o -o0E09 
19 49.25 1.3089E-08 1.006BE-08 7.852E'O9 5.8362E-09 4,0906E-09 2.972E0-og 2,0746E-09 1.4984E609 
20 49.15 1.2757E-08 9.9276E.09 7.5951E.09 5.7099.-09 4.0244.o9 2.8632E.o9 2.0959E.o9 14540.09 
21 5020 1.2502E-08 9.67ToE-O9 7.49011E09 5.5264E-09 3.99Z06E09 2.8114E09 2,.0381E-o9 1,4836E.09 
22 50.60 1.231oE-08 9.453'E-09 7,3194L-09 5,4673E-09 3,8794E-09 2,8270E-09 1.985DE'o9 1,4611E-09 
23 51.05 1.1971L-08 9.269HE09 7y13326-09 5.3702E-09 3.8332E-09 2 ,53aE-09 2,0020E-09 1i030E09 








































30 59 75 8 4812E-OY 6.43811ao9 4 9299E09 3,6764E-99 2.6189t-09 1,8646E-09 1 342AE-09 9.5026E-10 
31 6125 7,94186-o9 6.1682E-09 4.6942E-09 3.4382E-09 2,4142E-09 1,7142E-09 1.2128E-09 807530E-10 
3 6e.75 5.9219E-09 5.2073E-09 4.26916-a9 3.2102E-09 2.2502E-09 1,5691 -09 1,1113E-09 7,7595E-10 
33 64.25 3.2308E-09 3.2673E-09 3.198L-o9 p,7784E-09 2.1289E-09 1.521RE-09 1.0484E09 7.3854E-lo 
34 65.52 2.2109E-09 1.7911E-09 1,7990E'09 1,9952E-09 1.8350E-09 1.4687E-09 1,0469E-09 7.1314E-10 
57 58 59 60 61 62 63 64 
176.24 178.24 180.24 182,24 184,24 185.99 187.49 188.74 
1 3.50 2.5915E-09 1.8468E-09 1.3224E-09 9.3856E-10 6.70?6E-10 4.9334E-10 3.8170E-10 3,0584E-l0 









































































10 39.00 1.537t-09 1.0846L-09 7.6064E-10 5.4147E'-10 3,8686E-10 2.8897E-10 2,1570E10 #l7120E-10 
11 41.00 1.4263E609 1.0206E-09 7.2613L-10 5:0825E-10 3:6525E-10 2@526£6i10 2.0561E-10 1.6967E-10 
12 42.75 1.3500E-09 9.5125E.10 6.8104E-10 4,7313E-10 3 5175£-10 2.520SE-10 1900E-10 1.5285E-10 





















lb 47.31 1.1516E-O9 8.3444F.10 5.5635-10 4,3807E-10 2,9984E.10 2.2201DE10 1,7462E-10 1,3361E-10 





















20 49.75 1.0687E-09 7.8958E-10 5,0994E-10 4,0190E-10 2,90636-10' 1,7963E.10 1,5350DE10 1,446.E-10 
21 50.20 1.0073f-09 7.7BoE-10 5.404bE-1O 3.5621E-10 2,92b2E-10 2,0691g-10 1,3239E-l0 1.2689E-10 
22 50.60 1.0314E:09 7.1939E-10 5.5446E-10 3,6802E-10 2.5033E t0 2.31B6E10 1:4752E:10 1:015SE-10 
23 ' 5105 1.0299E.09 7.2259F.10 5;1o36E:10 3.8862E-10 2,4807E.10 1 8797E-10 17654E-10 1.1298E-10 































TABLE 4-3 (Continued) 





















31 61.21i 6.11 82E-10 4.4423F-10 3.1598b-10 2.1978E-10 1,6519E-to 1.0929E-10 8.8370E-11 6.S60IE-11 
32 
33 


































189.74 190.59 191.29 191.64 192.14 192.34 192.54 192.74 
1 3 b5 2.5538L-lo 2.1867k-10 1.9n74E-1o I.7144E-10 1.6080E-10 1,5361:10 1.469BE-1o 1.4o83E-1o 



























2 .2 0BIE-101 99?9E.1o 
1H?6 0£E10 










































































if 47.37 I.1658Efl 9.9664L11 8.4391E 11 7.7454E"11 B.0176E11 7.8603k-11 6.9848E-11 6.4833E-11 












































.0222E' 1 1 
6.2740E-1x 





24 51.b5 1.0282210 7.1451E-11 6.328UE-11 7.0242E-11 6.9176E-11 6.4451E 11 5.9944E'11 5.8114E'11 
25






































&,0 8 9 52-11 
5.3503E-11 




4. 6 14 5E-11 
4.2403E-11 
3.6171E-11 


















3.534sE- 1 1  
2.8720E-1 
3.2345E-11 


























2 9.50 I.S301 lko 1.2910E-10 1.1950L10 1.0019E-10 8.0940E-I 6.4878i-11 5.Z5oE'11 4.2793E-11 
TABLE 4-3 (Continued) 
3 14.00 1.3007E-10 1.2756E-10 11619E-10 9.6446E-11 7 7325E-11 6,1412E-11 4.975WE-11 4,085E-11 
4 IHO0 12244E-10 11913E-10 1io34E-10 9.1810E-11 7.2973E-11 5,82051-11 4.6659E-11 3#8282E-11 



























































































































































































































































3.3409E-1 1  











































i.06 54 E-11 
TABLE 4-3 (CONTINUED)
 
THE FLUXES FOR GROUPS 2 TO 16 ARE PRINTED IN A SIMILAR MANNER
 
TABLE 4-3 (Continued) 










































































TABLE 4-3 (Continued) 























Of. 0. 2.225E100 

















I C. 0. 
o. 0. 





















































TABLE 4-3 (Continued) 
LIBRARY DATA FOR ELEMENT NO, a
 
GAM AsMsUe (1,-AL)/2 (Q(NvAL)

10 




0. Of O. 





5 	 1.55?nE-02 1.5850E-02 1.6420E-02 





5 1 	6. Do O. 

0. O. 0. 

5 2 O. O, 0. 

0. 0. 0. 

S3 0. 0. 0. 

0. 0. 0.
5 4 	o 0. 0. 

O. 0, 0. 

O. 0. 0. 

0 0. 0. 




























































































































TABLE 4-3 (Continued) 






















.,597oE601 3.?190E'01 4*S6OEIOI 



















1 0. 0. 
2.8110E-01 S.6570E-o1 
2 0. 1 O. 
3.0190E-02 I.yO60E-01 
3 0. 0. 
0. 2&o460E-2 
4 0. 0. 
0o 0. 
5 O. 0.o 
0. - 0. 
























































TABLE 4-3 (Continued) 






















4.5OOOE-O1 I.O4OOE01 2.9900E*OI 






















1 o. 0. 
1.4370E-01 1,7950E-01 
1 26000E 02 I.It 0E-01 
3 o. 0. 
0. 8.6320E-03 
4 0 . 
0. 0 

























































TABLE 4-3 (Continued) 
LIBRARY DATA FOR ELEMENT NO, s 
(3AM£0 AMU. 1,-AL)/2 IQ(N.AL) 
ELEMENT 
NAME 













Ra!e"0Oo 0. 9,92009"02 




















1 5,b64UE-01 I,3740E-01 
L.bb3OL01 3.5270E-01 
2 0. 0. 
0. 0. 
3 0. 0, 
0. 0. 
4 0, 0. 
0. 0, 
5 0, 0.. 
0, 0. 
























































TABLE 4-3 (Continued) 


























6.4930EI01 292730E-01 0. 


























1.32b0-01 6 .514 0-02 


























































TABLE 4-3 (Continued) 
LIbRARY I)ATA FAR ELEMENT NO, 7 
6AM A.M.Lj. Il.-AL)i2 (O(N.AL) ELEMENT 
At NAME 
31 5.8PI0*0 0. NICKEL 











1.*430E 01 1,8 99oE-01 **3540EkOZ 
MASS ABSORPTION COEFFICIENT 
31 2.5461O-02 2.S07oE-02 2.4640F-02 2.4170E-02 2.3680E-02 2.3300E-02 21230E-02. 2.3400E-02 
2.3930E-02 2.480OE-02 2.6670E-02 3.2360E-oZ 6.1080E-02 
31 
GRP U(N.N4,6 AMHA) 
1 6.3130 F-0 2 3,3750E-02 1.9630E-01 2.9240E-01 5.9090E-01 5.4020E01 3,4460E-01 3.68o70E01 




















































S0. O, 0, 0. 
r£ 
03 





















1.*8?OE#Oo 6.7200E-Ot 6.98OEw01 
127 
MASS AbSORPTION COEFFICIENT 
292qO0L-g2 2-8620F-02 2.78InF-0 














GRP WtNi*sN4AMMA)1 I. 0. 
1.9200C.00 0. 
1z 9Oo.1:9200E*60 
.0,'3 0. 0, 
4 
0.5 a. . 
0. 0. 










































TABLE 4-3 (Continued) 
REbION OUTPUT 
.... ±RADIAL CORE C&N!E4 REGION P
 
**0 000000.00000000000000000 	 ** 0000000000000000000000000o 
kEGION PARAMETERS(ISIF.JSJFNO OF ELEM.,CONTROL) 
1 13 1 28 9 4 l e e e e o o e l o e l e e 
00000000000000 0 0000 . * 	 0 . *- 0 0* ~ 0 0 0 
= 
LLEmNT NO.0 5 No. DENSITY 7.5400E-o ELEMENT ID CARBON
 
IISSIN.AtSORPTIONINELASTIC SCATTERPENERGY DEPOSITION9AND GAMMA RAY ENERGY ABSORPTION CROSS SECTION1
 








, 0 . 0. 00 4 0. 4,0246E-05 1,0946E-04 2,870SE.0 6.3161E-04. 1,2256E-03 1.8135E.03 2,6663En03 5.0325E603 
4.5321E'02 0. 0. 0. 0. 	 Os
 




1.b52o0E-02 1.sASOE-02 1.6420E-0 2 1.7250E-Oa I 8480E-02 2.0020E 02 2.1340E-02 t.2430E-02
 
2.3'710E-02. 2.5390E-02 2.7390E-02 3.20ROE-02t 5.337OE-02
 
tLEMENT NO.= 17 NO. DENSITYs 4.5000E-06 ELEMENT ID CHROMI
 
SECTION
ISSIONABSORPTIONINELASTIC SCATTERENFRGY DEPOSITIONOAND GAMMA RAY ENERGY ABSORPTION CROS 

0. 0. 0. 0. 0.,
 
O; 0, 0. 0. 0. 0o 0,
 
b.849PE-03 29310E-03 4.0150E-03 4.0000E-03 4,7534E-03 6,5313E 03 25021E-02 4.1742E.02
 
3.9003E-02 9.8517E-02 2.4357E-01 5.3216E.O1 1,0311E+00 15189E00 2,1999E+00 4.127?E.O0
 
1.3019E+00 5,3852E-01 6.6097E-02 1.6496E-03 O 0.
 




2.2856E-02 2.2580E-02 2.2330F-02 a.20SoE-02 2.1820E-02 2.1750EOE 2@1910E-02. 2,2220E-02
 




a.2850E-02 2.388OE-O2 2,560E.02 3,0540E.02 5,48SoE-02
 
kLEmENT NO.- I NO. fENSITY2 8.0250E-05 ELEMENT In HYOROG
 
tIbSIONASORPTIONINELASTIC SCATTERtENERGY DEPOSITION,AND GAMMA RAY ENERGY ABSORPTION CROSS SECTION1
 
0. 0. 0. 
 0. 0. 0. 0. 0.
0, 0. 0, 0, 0. 0, 0, 
 0.
 
a. O. o. 0. a. 0. 0. 
 1.l02Ew03




 0 0. Of. as
 
2.117OL00 1.6087F+00 




2.5660E-02 2.6TOOE-02 2.8360E-02 3.0650E-02 
3.39 30E-02 3.7140E.02 4.1220E-02, 4,3730E02

*.658i)L-02 5.02OE-02 5.4350E-02 6.3710E-02 1.06
 00E-01
 
LLEAENT NO.c I NO. OENSITY- 2.407iE-04 ELEMENT ID HYDROG
 
FISSION.ABSORPTION.INELASTIC SCATTERCENERGY DEPOSITION.AND GAMMA RAY ENERGY ABSORPTION CROSS SECTIONI
 
0. 0. 0. 
 0* O. 0. 0. 0,
 
0. 0. 0. 0. 0. 0. 0. 
 0,
 
0. 0. 0. 0. 0. 0. 0. 1,0112E-03

3.4656E-03 9.5679E-03 2.6826E-02 6.1309E-02 1.1898E-01 
 h,7603EOl 2.5880E-01 4.8897E-01 
04 0. 0. 0. 0. 0 
?.IIoE*0o0 1.6087E400 1.2346E+00 
9.3144E-01 5.?392E-01 





2.6700E-02 2.83 60E-02 3.06SOE-02 3.39 30E-02 3.?GAoE-O2 4.1220E-02. 4,3730w102 
4.658L-02 5.02 50E-02 5.4350E-02 6.3710E-02 1.0600E-01 
LL mNT NO.a P9 No* OENSITYt 2.9100E-05 ELEMENT 10 IRON
 
.
rrSSI)fl t S ORprION INEIAsTIC SCATTER.ENERGY.DFPOSITION.AND GAMMA RAY ENERGY ABSORPTION CROS SECTION
 
o. 0. 0. . 0. 0. 0. 0.
 
TABLE 4-3 (Continued) 
5.8023E-03 2.9213-03 4.0173E-03 5.0076E-03 5,8213E-03 
2,6014b.02 5.5747E-02: 4.p772EI02
4.7641E-02 8.2059E-02 1.9565E-01 *,6420E-01 R,9907-oj 1. 4ErZ O0 1,9192E*DO 3,6OO6Eoo
 
1.2165E"00 6.8927E-ox 2.T691E.O1 
 0. 0. 0.
 
1.30tE-1 1.0153E-01 6.0156E-02 5.6996E-02 2.4174E-02 9.?402E-03 2.4366E-03 
5.1i59E-04
 
;O019E'-0 4 14297E-05 2.0369E-06
 
2.380oE-02 2.3660E-02 2.333oE-02 2,2940E2-Z 2.540E-oZ 2.R3302E02 2.2390E-02 
2,2630E 02
2.3200E'02 2.4190E-02 2.5910E-0.2 3,1170E-02 5,7270E-02
 
LLLMENT NOU 31 NO. OLNSITY= 5,4000E-OS ELEMENT ID NICKEL
 
IISSIONAbSORPTIONIINELASTIC SCATTER.ENERGY DEPOSITIONtAND.GAMMA RAY ENERGY 'ABSORPTION CROSS SECTiONI
 
0. 0. 0. 0. 
 0. 0. 0. 0.
0. 0. O. O, O. 
 O. 0. 0.
 
1.9918E-01 8.0301E-02 1.2997E-02
i.5000E-0 9,9154E-03 1,3392E-02 18123E-02 2.4347E'D
5.4608E-02 1.298bE-O1 3.2750E-01 8,4437E-01 1,6350E400 
 2,4081E+00 3.4594E*00 6.547SE-O00
 
1.332bE'00 8.0824E-01 0. 
 0 0. 0.
 
1.1622E-01 1.2304-01 1,0310E-01 5.9882E-02 3.9338E-02 2,16o6Ea02 4,7278E'03 1.8311E-03
1.4304E-O4 2.0462E-05 2.9321F-0 6
 
2.5'6oE-02 2.5o70E-o 
 2.4640E02 2.4170E-02 2.3680E02 2,300EM02 2,4230E-02. 2,3400E60?

2.3,430E02 2 .41HOOE-02 2.667OE-02 3.2360E-02' 6.lOOE02
 
LLEMENI ND.4 127 NO. DENSITY* 2.oOOOE-04 LLEMENT ID NIOHIU
 
FISSONABSORPTIONINEIASTIC SCATTER.ENERGY DEPOSITION;AND GAMMA RAY ENERGY ABSORPTION CROSS SECTION
 
0. 0. 0. 0. 0. 0. 
 0. 0.
0. 0. 0.
0. 0. 0. 0,
.  
0. 0. 3.2494E-02 5.1945E-02 7.6614E-02 
3.17SE-01 7.6364E-O 1,3859E400





 7,9659E-61 '6.4149E-03 0. 0.
 
f.5031E-02 6.5813E-02 8,9055E-02 7.7384E-02 4,1799E02 
8.5489E-03 1,4622E-03 3.2461E04
 
3.6192E.0 5 4.8933E06 6.97152E07
 
TABLE 4-3 (Continued) 
2.9290E-02 2.8620E-02 
2.78oE.6? 2.6760E-02 2.54SE-02 '2, 90E602 2,3450E-02; 2.3210E-02




 10 NO. OENSIIY. 1.7400E-04 LLCMENT 10 U-235
 
FISSIQNAbSORPTION.INELASTIC SCATTERoENERGY OEPOSrTION.AND GAMMA RAY ENERGY 
ABSORPTION CROSS SECTION,
 
2.Z771Eao0 I,2891E+O0 1.2300E+00 I.IAOE 0 1.3995E*00 
2.2569E400 4.I987E+0 
 6.9917E%00
I.fl33t.Ol 3.7418E401 2.608E+OX 6,7878EsQj 1,85 4 1E+02 2,6B18E402 
 4,3485E*02 8.8665E;602
 
a.3hb2E-02 5,2591E-02 9.2141E-02 1.5652E-01 3.0584E-01 7.?079E-01 1,3494E+00
8.6374E00 2.354E+o3 
 3.2241E00
1.8451E01 1.1623E+01 3.9521E*O1 
 4.6942E401 7.608SE+01 1.5519E402
 
1.9101E+00 1,7534E*00 1,5 361E00 1.6336E+00 
1,3206E400 8.4894E-02
 





4.279oE-02 4.1560E-o2 3.99 406-02 




 3.4650E-02 4.39 50E-02 1.0780E-01 4.4270E-01
 
=
ELEMENT NO. 12 No. bENSITY= j.4000E-oS ELEMENT ID U-238
 










































2.29 90E-02 1,449 9E-02 4,99?OE-03 1.1912E-03 3.4453E604 







. . f f tlf t 
1,0780E-01 
ft f f t t ft 
4.4a2OE-Oj 
f f t t ft f f t t ft f . . f f * * * t t t ft f 
TABLE 4-3 (Continued) 
NAGS IV HAS PROCESSED I SEPERKTE REGION PROBLEMS 
PROALEM IN LINK 
TABLE 4-3 (Continued) 










TOP ..... PR 13716000
 
NO, OF ELEMENTS... 9
 
ELEMENT NO. NAME 




9 CARBON 7.54000E-02 1-50318E+00 1.22565E+06 8.17523E-04 !,03715E+01 4,94743E-01
 
p7 CHROMI 450oooE-06 3t8365E-o4 3.16662E*02 4.59226E-05' 0. 0.

I HYDRO 8.0250OE-05 1.34p61E-04 1t09473E+02 8.12244E-05 0. 0.

I HYOIUb 2.40750E-04 4.02R3E.04 3.2R418E.02 2.43673E.04 0. 0
 
29 IRON 2.9lOOOE-05 2.69743E-03 2.19941E*03 2.85352E-o4 
 0. 3 t6413E-04
31 NICKEL 5.4000OE-05 5,26215E-03 4.29061E*03. 8.71434E-04 0. 6507OE-04 
127 NIOHIU 2O0000E-04 3.0B412E-02 2.51470E+04 1.25 9 61E-02 0. 5.84040E-0310 (1-235 1.74000E-04 6 .78 822E-02 5.53492E*O4 1.22764E-01 .40725E-01 1.23841E-02
 

































10 1.2723IE+02 1.56040E-04 
11 I.69694E*02 2.08118F-04 
TABLE 4-3 (Continued) 
12 2.26820aEo2 2.781OE-04 
13 1.06278E+02 1.30343E-04
 
TABLE 4-3 (Continued) 



















' 16 3.630sE02 
HELATIVE SOURCE ANO FISSION DIStRIbUTIONS 
RADIUS PHIOTON FISSIDN NEUTRON 
DISTRIRUTIONS 
(rC.) F(R) F(R) F(R) 
0.0000 1.2119 1.2IZO 1.2120 

3.5000 1.2g97 1.2098 1,2098 

9,5000 1.1954 1.1955 1.1954 

14.0000 1.1742 1.1743 1.1743 

18.0000 1.1467 1.1468 1.1467 

22.ooo 1.1]04 1.1105 1.1104 

6.0000 1.n648 1.0648 1,0648 

30.00oo 1,0098 1.0098 1.0098 

33.5000 .9554 .9bss .9553 

j.S00 *9 49 .9049 o9g49 

39.0000 .8621 .8621 .8621 

41.0000 .8290 .8289 .8?89 

42.7100 .8022 .8021 '.8021 




































































































































































TABLE 4-3 (Continued) 
THE FOLLOWING DATA ARRAY HAS REEN PLOTTED FOR*,o* 
RADIAL CORE CENTER'REGION P1
 












0 12 012 E#01
 0.eObbbE+01 .












































TABLE 4-3 (Continued) 
IbL FOLLOwING DATA ARRAY HAS REEN PLOTTED FOR4 .** RADIAL CORE CENTEP REGION P1 




















































TABLE 4-3 (Continued) 
IHE FOLLOWING DATA ARRAY HAS BEEN PLOTTED FOR.*.* 

























































































RADIAL CORE CENTER REGION PI 
AXIAL DISTANCE FROM gTATION-o-(CM 
































TABLE 4-3 (Continued) 
THE FOLLOwINO DATA ARRAY HAS BEEN PLOTTED FoR.... RADIAL'CORE CENTER REGION P1



















































































































TABLE 4-3 (Continued) 
THE FOLLOWING DATA ARRAY HAS BEEN PLOTTED FOR... RADIAL CORE CENTER REGION 
 P1
 























































TABLE 4-3 (Continued) 
THE FOLLOWING DATA ARRAY HAS BEEN PLOTTED FOR,.. RADIAL CORE CENTER REGION PI 








































0.93;446F+02 fl4 b64E+O1 
0.q653f+08 0.12197E+010.986b,)E 02 O,|1802E+O10.10107E+03 0.11376E L+01(0 
0 91 0 3 7F+03 0.1 0919E01 0*­
0.20 i8E+Q3 0.10437E+01 
0,E 








0,12'13E.03 0.9805 0 E+00 
n.1213403 05.020E*00 







TABLE 4-3 (Continued) 
THE-FOLLOWING CARDS wERE PUNCHED FOR KAP
 
]5 46 REGION NO* I RACIAL CORE CENTER REGION P1
 
21 75 14 29
 
2 1 1.0 7.069q3*01
 
5() 1400 2.19500E-01 1.06229L+00 2.84372E*00 1.08886E 01 3,476S5E*Oj

50 1405 8,11039E+01 5.1Rnh7L0I 7,09806E#01 9416528E+01 1.27231E.02
 




50 5534 3.500OOE00 9.50000E*00 1.40000E+01 I.Roo00E01 2.,20o0OE01 
50, 5539 2.60000E 01 3.00o000+0x 3,3500OE*0 3.65000E+01 3.90000E+0! 
2n 5544 4.10000E+01 4.27500E+01 
10 5546 4.5O00E01 
10 55H4 0. 
Sn 5585 5.00000E-01 1.750006E00 3,00000*00 4.75000E+00 7.50000E+00 
50 5590 1.15000E+01 1.70000E*0i 2.350001.01 3.05000E+01 3.75o0OE.01
 
bo 5595 4.45000F.01 5.o15000E01 5.80000L0 6.55000E+O 7;25000601
 
50 5600 7.o5000E+01 8.65000o401 9.35000E401 1.00500E+02 1-07T00E*02
 
5t0 5605 1.14500E+02 1.2150OL.02 1.27500E*02 1,31500E*02 1.34000E+02
 
20 5610 1.35650*02 1.36730k*02
 




5n 5636 1.20966F+00 1.19536L+00 1.17422E*00 1.14668E 00 1.11040E 00 
c 50 5641 1.06475E+00 1.00980E+00 9.55354E-01 9.04914E-01 8.62141E-01 
10 20 5646 8.29020E-01 8.02164L-01 
I1 5648 7.9IR09E.01 
10 5686 6.54802E-02 
150 5687 R o0218E-02 1.32116E-0 1.81346E-01 2:46740E-01 346490E-01
 
50 5692 4.83907E;01 6'.59146L-01 8.43143E-01 101392E00 1.15576E+00
 
51 5697 1.26926E+00 1.35450 +00 1.411166E0O 1.43879E+00 1.43717E+0o
 
50 5702 1.4064eE*00 1,34707L40o 1.26007Ei00 1.14666E+00 1.00860E+00
 
50 5707 8.48870E-01 6.73758E-01 54205701-01 4.2420 8E-01 372909E-01
 




10 5737 1.212011 00
 
S0 5738 1.20976F*00 1.195456.00 1.17429E+00 1#14674E+00 1.11045E*00
 
50 5743 1.06478E+00 1.00980E+00 9.55334E-01 9#04873E-01 8.62084E-01
 






.b 57H9 ?.99553E-02 1.320506-01 1.81282E-01 2.46681E-01 3,46439E-01
 
50 5794 4.83871E-01 6.59129L-01 8.43142-01 1.01394E+00 1.15577E00
 
5o 5799 1.269?SE.O0 1.35453E+00 1.41118R+00 1.43882E+00 1.43t206*00
50 5804 1.40645L*00 1;34710L00 1.26009E600 1.14668E+00 1,00862E*00
50 5809 8.48880F-01 6,73758h701 5,20549E-01 4,24144E-01 3.72769E"01 





TABLE 4-3 (Continued) 





TOTAL NEUTRON SOURCE,. 1,72115E*02
 
,00 
TABLE 4-3 (Continued) 










































2 3 4 5 
1,76 3.00 '4.75 7.50 3,3586E-05 4.6109E-oS 6.f748E-oS 8.813?E-05 
3#3195E-05. 4,5574E-05 6,2020E-05 8I11SE-05 
3.2618E'05 4.4784E-05 6.0944E-05 8,5601E-05
3.1868E-05 4.3752K-05 5.S41E:o 8.3628E-053.087TE-05 4.239bL-05 5.7691E-ob 8.1026E-05 
2.9633E-o5 4.068b-05- 5,5363E-05 7.7752E-05 
2.8136E-05 3.8629k-05 5.2561E'05 7,3839E-05
2.6656E-05 3.6592E-tS 4.9787E-o5 6.991E-05 
ZS,2.85bE05 3.471lL-05 4.7223E' 05 6.6306E 05 
2.4talfE-05 3.3112L-05 4.5o54E-05" 6,3262E-05 
2i3226E-05 3:1879E-06 4.337BE05 6.0923E-052s2491E-05 3.0873E-05 4.2028E-o5 5.904?E-05 




























































































































































































































































































































TABLE 4-3 (Continued) 
9 36,bo 1,9375E-04 2.2079E-04 2.4243E"04 2:5869E:04 2 6950E.04 9.?4777-04 2.7446E-04 2,6058E-04 
















































































20 49.15 O 0. 0. 0. 0. O 0. 0. 



























































29 bs.25 n. 0. 0. 0 S* 0. 0. 0 
30 59#.75 o O O O 0. O. Of 0. 
31 61.25 no 0. O. 0. 0. 0. O O 







































































































































































45.5046.bO 0' 0. 0. 0. 0. 0, 0 O 0 0. 0. 0. O. 0 0 0. 
16 47,37 n, 0. 0. 0, 0. . 0, 
17 4.12 0. 01 0. 0. O. 0. 0 O. 
18 48.7 . 0. 0. 0. 0. 0. 0. O 
19 49.2b 0. 0. 0, 0. 0. 0, 0, 0. 
TABLE 4-3 (Continued) 
?0 49,75 0O 0, DO 04 0o 00 
21 50.20 O, 0. Oo 0. 0# 0o 0o DO 
2le 60,60 0. 0, 0. 0, 0, 0, 0. 0, 
23 blU5 O, 0, 0, 0, 0, 0, 0# 00 
24 51.65 o. 0. O, 0, 0, 0, 0, 0, 
2b 52.50 0. 0. 0. O, 0. 0, 0, 0. 
26 53.75 0. 0. 0. 0, 0. 0, 0, 0, 
21 513.19 0. 0. 0, DO 0, 0, 0, 0. 
28 56.69 no 0. 0# 0, 0. 0* 0* 00 



















32 62.75 0. 0, 0* DO DO '00 O0 
33 b4,?5 0.O* , 0. 0. Os Go O. 
34 65.52 0. 0.O0 . 0. 0. 0. 0. 
25 26 27 28 29 30 31 3? 
134,00 135.65 136.73 137.58 13815o 139,35 140*30 142,40 
L •3.50 9.S248-OS 8.8649E-05 8 sq25E-05s O. 0. 0 , - . "O 
2 9.50 9:4209E-05 8.7618E-05 .8:5055E-05 o, 0. Oe 00 Of 
3 14.00 9.2bi53E-05 8,6228E-05 8.3752E-05 0, 0. 0. 00 0, 
4 18.00 9.0606E-05 8.438SE-05 8.2020k'05 0. 0., 04 0. 0. 
5 22.00 8.7867E-05 8.1908E-05 7.9674E-05 0, 0. 00 Do 00 
i-6 26.00 8,4345E-05 7,8695E-05 7,6613k-05 .0. DO Of 0* O. 















10 39.00 6.1320E-05 6.2669E-05 6.oq4OL05O o . 00 0. 0. 
11 41.00 6.4126E-05 5.9525E-05 5.7760E-05 0. 0* 00 0. 0. 
12 42.75 6:1334E-05 5:6717E-05 5.4877E=05 DO DO DO 0, 0* 
13 44,?5 O, 0 0. O, DO O, 00 00 
14 45.bO 0. 0. 0. 0. O, 0* 0, 0, 
15 46.5n .0, 0. 0. 0, 0, 0, 0, O0 
16 47.37 n. 0. 0. 0* O, 0* O, O,1 
it 4H.12 o. O0. 0. O. 0. O, 0. 0, 
18 48.75 0. 0. 0,O0 . O, 0. "0, 
19 49.25 0 . 0. 0. .01 0. 0, 0. 
20 49.75 o., 0. 0, 0, DO O* 0* 04 
21 50.20 0. 0* O, 06 O. 0, DO 0. 
22 5n.60 O. 04 0: 0. 0, Do 0, O* 
23 5i*05 0. O. 0* ' . DODO, Of O, 
2* 51.65 0. 0. 0. DO 0. Of 00 O0:< 
2b 4 52.510 0. O. 0. O. 04 00 O. 00 
2b 53.15 0. 0. O. 0, 0. DO 0. O* -. 
21 55.19 o. 0. 0. 0. 0. 0. O, 0. 
?6 56.69 0. 0. 0. Do O, O0 , Of 
29 58.25 0. 0. 0, 06 0. 0, 0, 0. _. 
30 59.15 O. 0, O. O, 0. 0. DO 0,. 
TABLE 4-3 (Continued) 
31 61.25 A. 0, 0o * 0 0. 0 
3233 62, r564.25 a.0. , 0.0. 0.0*, 0.0. 0. . O0, O0. 
34 65.52 0. 0. 0\ O. 0. 0. 0. 0. 
33 34 35 36 37 38 39 40 














































6 26.00 0. 0. 0* 0, 0. 0, 0. 0, 
7 30.00 0. 0. 0. 0. 0. 0. 0. 0. 





















11 41.00 0. 0. 0. 0. 00 0 0. 0. 

































































































































































































































































































9 36.50 o. Ol 0, 0. O. O1 0, O. 














































17 48.12 no O. 00 60 0. 04 0. 0. 





































24 51.65 O. 0. 0. O, 0. 00 0. 00 
25 52'tb 0O. 0. 0. 0* O0 O0 O9 O. 
?b 53.75 no 0. O, Of 0, 06 O, 00 
27 55.19 O. 0. 00 00 0. 00 O6 0, 
2 H ,6,69 0. 0. 0. co 0. 00 0, 00 
30 1 0. 0. 0. 0, 00 09 O1 0. 
31 61.25 0. 0. 00 00 0. 00 06 0O* 
32 62; 15 no 0. 0. 00 O, 00 Ol 04 
33 64.25 nO O. 0. 0. 0, 00 0, 0. 
34 65.52 0. 0. 0. 0. O . O O010 
49 So 51 52 '53 5 55' 56 
161,49 162,99 164.49 166,24 |60,24 170,24 172;24 174,24 
1 3.50 0. 0. 0, O. O. 0. 0, 0. 
2 9.50 0, O. 0, 0. 0, 0, 0. 0o 
3 14.00 O0. 0: 0, . 0, O1 O. 00 
4k 18.00 0. O, 0. 01 0, 0, 0, Ol 
5 22.0v 0. O'. 0. O, 00 06 00 O0 
b 26.00 0. 0. 0, 00 0* 0,O0 O 
7 30.00 0. 0. 0. 0. 00 0, 00 
8 33.'5n0- 0" 00 0 0. 00 0# 00 
9 36.!b0 O. 0. 0. 0. O4 0, 0, 00 
0 
11 










000. 000, 0:0. 












































































































































































































































































































































































































































































































TABLE 4-3 (Continued) 
2a 56.69 O 0O* 0. 0. 0. O. 0. 
29 58.25 00. 0. 0. 0. O 0. O 
30 59.75 0. 0. 0. 0. 0. 0. 0. 0. 
31 61-25 .0. 0. 0. 0. Do 0. 0, 0. 
32 62.4b 0. 0. 0. 0. 0. 0 0. 0 















189.74 190,59 191s29 191,84 192.14 1923 D 19264 192.74 
I 3,50 b. . 01 0 0. 0. 0. 0. 
2 14.00 0. 0. O. O. 0. 0, 0. 0. 
4 18.00 0. 0. 0. 0. O 0. O 0 
45 22.0022.00 0.0- 0.0" 0.0 0 0. 0. 0. 0 0. 0.0. 0.0. 
6 6.00 6. 0. 0. 0, 0. Of 0. 00 
a 3.,00 o. 0. 0. 0* 0. 0. 0. 0. 










































16 41:31 n, o O* 0.O0 0. 00 00 














































































26 53.75 no 0. 0. O. 0. 0* 0. 0. 
2r 55.19 0. P. 0. 0 0. O. 0. 0. 
26 56.b9 n. 0. 0. 0. 0* 0. 0. 0. 
29 58.25 n* 0. 0. 0. 0. 0, 0. 0. 
30 59.75 0. 0. 0. o. 0. 0. 0. 0 
31 61.25 n. o. 0. 0. 0. 0. 0, 0: 
32 b2.75 o. 0. 0. o. 01 0, 0. 0. 
33. 64.5 O. 0. 0. 0. 0. 0, 0, 0, 
















1 3.50 0. 0. O. O* 0. 0. 0. Of 
2 9.bo 0. 0. O 0. 09 0. 0. 0.* 
TABLE 4-3 (Continued) 
























































































































































22 50S6a 0. 0. 0Os 0. O 0* 0. 














































































































TABLE 4-3 (Continued) 
ff1Sb1N nLNSITY bROUP NO.w 1 
I 2 .13 4 6 8 














































3:435 1E-0 5 4.;7993Er0 5 
3.3282E-05 4.6496E-05 

























6.A 9 ?E-Ob 
6.003E-06 




























12 42.75 5.5 95 RE-06 9,2377E-06 1.26 8 1E 05 17263E-05 2.4253E-05 3.3862i-05 4 . 6 07E-05 5B84E-05 
13 44.25 a. 0. 0. O. 0. 0. 0. 0. 
14 45*5b 0. 0.'. O 0, 0, O. 0, 
15 46.50 0. 0 , O. 0 0 0. . 





















1? 49.25 0" 0. O 0* 0, 00 00 O 
.0 2021 49.f55o.20 0. o- 0.0. 0.0. .0.0. 0.O Do0. 0000 0.00 













































































31 61.25 n. 0. 0. 0, O 0. Do 0. 
32 6 .7 ' 0, 0. 0 0,- 0. Os O. O 
33 64.2 1., 0. 0, 0. Of 0. 0 0. 











































1.?9Zb7 04 1.621E-04 

































1.1916 E 04 
1,25 2E-0'4 1-.2313E.04 
1.1903E-0 1.1648E-O4 
190E-041,16Bo 0 
TABLE 4-3 (Continued) 





















































16 47.37 o. 0. 0. 0. 0. 0. 0. 0. 
11 48.12 9. O 0. 0. as O 0. 0. 













0.0. 0. 0. O. O. 0. 0. 
21 5o.20 no 0. 0. 0. 0. 0. 0. 0. 
22 50.60 O. 0. 0 0 0. 0. O 0. 
23 51o5 o. 0 0 O 0. 0. 0. 0. 
24 51.65 n 0. O O. O O. 0. 
2b 525ob o. 0. 0. 0. 0. 0. O. 0. 
26 53.t5 o. O . O. O. 0 O 0 
27 55:19 0. o 0. 0. 0. o: o 0. 
28 56.69 , 0. O. 0. O. 0. 0. 0. 
29 58. O.no 0. 0, 0. 0. 0. O. 00 





















o 33 64.25 O. O. 0. O. 0. 0. 0. O. 
O 34. 65.52 0. O. O. 0. O. 00 Oo 00 
17 18 19 20 ' 21 22 23 24 
86.50 93.50 100.50 107.50 114.50 121.50 127.50 131.50 
1 3.b0 1.4136E-04 1.3223E-04 1.2032E-04 1.05843-04 8.9017E-05 7.0?37E0S S.4609E-05 4.4567E-05 





















5 22.00 1.2972E-04 1.2133L-04 1.1041E-0 9.Tl12E-05 8.1743E-05 6.4925E-05 5.0239E-05 4.1011E-05 
6 26.00 1.2437L-04 1.1633F-04 1.0586L04 9.3109E-05 7.8373E-05 6.2246E-05 4.8171E-05 3.9339E-05 
7 30.00 1.1793E-04 1.1031E-04 1.003BL-04 8.8296E-05 7.4317E-05 5.9015i-05 4.5660*E05 3.7290E105 






























12 42.75 9.3692L-o5 8.7649E-05 7.9773k-05 7.017BE-05 5.9040E-05 4.67401-05 3.5872E05 2.8941E-05 
13 44.25 O 0. 0. 0. 0. 0. 0. 0. 
14 - 45.50 o. 0. 0. 0. O 0 0 0. 0. 
15 46.b 0. 0. 0 0. 0. O. 0. 0. 
16 47.37 0. 0. 0. 0. 0. O. O. 
11 48.12 O. 0. 0. O. 0. 0. 0. O. 
I 48.l5 O. O. O. 0. O. O. O. 0. 
19 44.e5 0O 0. 0. 0. 0. o. 0. 0. 





















22 50.60 O. o o 0. 0. 0. 0. 0. 
23 51.05 0. O 0, 0. 0O o. Of 0. 
24 51.65 no 0. 0. 0. 0o 0. 0.& 0. 
25 52.50 0. 0. 0. 0. 0* 0 0. 0 -
?b 5 4.1 0. 0. 0. O 0. 0* 0. 0. 
27 65.19 0. 0. 0, 0O 0. Oo 0. 0O 
?8 56,69 0. 0O 0. 0. 0 O 0, 0. 




































































































































10 39.00 2.7654E-05 2.5744E-05 2.5034L-05 0. 0. 0* Of 0 





















14 45.bo 0. 0. 0. 0. 0. 0. 0. 0. 
1b 46.60 0. 0. 0. O. O. 0. O. o. 
1 41.37 0. 0. 0. 0. 0. 0. 0O Do 
11 4.12 O. 0. 0. O. 0. 0. 0. 0. 





























































28 b6.69 0. 0. 0. 0. O. 0. O. 0. 
29 A. 5 . a. . o. 0. .o 00, 0: 
30 59.(5 q. 0. 0. 0. 0. 0. 0. 0. 











































































































































































































































































































































































3 64 . 2 
1 3.5n 
2 9.50 
3 14.004 18.00 










































9 2R.00 0. 0. O. 0, O, 0, 0O,0 
TABLE 4-3 (Continued) 
6 26,00 Do 00 DO 0* DO Os 00 01 
S30,00 Do 00 DO 0, O. Of of Os 
8 33,50 O* DO O* 00 00 DO of DO 
9 36.590-O.. O. DO 0. 0* 00 0. 
1O 39.00 O, 0. DO 00 0. 0. 00 0, 
11 41-00 0, O, DO do O. 0, 0. 00 
12' 4P75 Do 0. O. 0. 0. 0. 0. 0. 





















It 47.31 0. 0., 0. O* Do 00 09 0. 
11 48.12 0. DO 0. DO 0. O. 0, 0, 
18 48.75 n . Of 0, O, 0* 0. 0* O* 
I Y 49.2b n . . DO, O. 0. O, 0. 0. 
20 49.75 Oe O. DO 0. O, Of DO O* 
21 50.20 0. 0 . 0. 0. 0* O. 00 DO 
22 h,.6 0. 0. 0. 0, 00 O, 0* 06 
23 51.U5 0. 0. 0. O. 0, 0, 0, o, 
24 5,1.65 o.. OO O* O,0 O, Os 00 
25 52.50, 0. O. DO 0* 0. 00 0. 0* 
26 53.75 0. 00 0. 0. DO O. 0. 0* 
27 55.19 0* O, 00 0. 0, DO 0* 0* 





















31 61.25 n- O. 0. Of 00 0, 0* O* 
32 62.75 DO O. 0, 00 0, Do DO 0* 

















161.49 162.99 164,49 166924 168,24 I70oR4 172424 17 o-,2 
1 3.50 DO 0. 0. 00 0, 0* 00 00 
2 9.50 0. 0. 0. 0, 0. 0. 0. 0, 
3 14.00 0. O, O. Of 0. OF Do, 
4 IH.O0 0. 0, 0. DO 0. 0. '0, O, 
5 22.0n Do O. 0. 0. 0O0 ,O  0. 
b 26.00 0. 00 Of 00 00 0 0 00 
7 310.00 0. 0, 0* 0,. O, 0, 0: 0, 
8 33.50 0. Do O, 00 0. DO DO 0. 











0# 0. 0*0. 0*Do * DO 0:0* 
12 42.75 0. 0. 0. 0, 0, 0. 0. 0, 
13 44.95 o. 0, 0. 0, DO DO 61 0, 
14 45.50 0, 0. 0. 0, 0, 0, 0, 0. 
15 46.50 0, 0. 0, O, 0. 0. 0. 0, 
16 47,31 Os 0. 0, 00 0. DO Do 0: 
TABLE 4-3 (Continued) 





4 8 ,75 
49.25 
4 .75 



































































































































































































22 00 O. 
26.00 0, 
30 00 0. 
33.bo0 . 











































10 39.00 0, 0. 00 DO 0. 04 O. 0. 
11 41.00 Do 0. O. O0 0. DO Do DO 


























































































52 .5 0 
5 3 . 75 









































TABLE 4-3 (Continued) 
28 56.69 0, 0, 0, 0. 0. 0q; 00 00 









0. 0. 0, 0,0, 0, o.0,0.0 0. Ol 
32 6?. 15 O. 0, 0. 0, O, 0, 0. 0, 
33 64.2b 0, 0. 0, Oe 0. O. 00 0, 
3652 .6s 0 66 0.67 68 0.69 0,70 0.71 Ol72 
189.74 190.S9 1919?9 191,84 192t14 192.? 19265 192074 
1 3.50 0. 0, 0, Of 0. 0, 00 0. 
2 9.50 0. 0. 0. 0. 0. 0. O. O, 
3 14.00 0. 0. 00 O. O. O. Of 00 
4 18,00 O. O. 00 O. Oe 0. 00 Go 
b 22-00 Oo O. O0 O0 0. O. 09 O., 
6 26.00 0. O. 04 00 Of Of 0. O0 
7 30.U0 O. 0. 0. 0. 0. 0. 0. O0 
H 33.50 0. O. 0. 00 0. 00 0. 00 
9 -36.5a 0. 0. 0. 00 0, Of 0, Ol 
10 39.00 Oo 0 . 0, 0. Of 0., 0. 0. 
11 41.0O0O. 0. 0O. 00 Do 00 0* O, 
12 42.75 nO DO. O, 0', 0. O0 0 Of 
13 44.25 0. O. 0. 0, Do O, 0. O, 





















f'8 411.75 no O. 00 O. 00 0. 00 0* 
19 49.25 no 0. O. 0, 00 Oe 06 O0 
20 49.75 nO 0. 04 0. 0, 00 00 00 
21 50.20 O. 0O. 0. 0. 00 00 09 0, 








































2b b6.69' 0 . 0. 0. 0. 00 Do Of 
29 58.25 no 0. O:. 0 . Oi O0 O, 0. 
3o, 59.75. O. 0. O0 O. 0, 0. 0, 0. 















O, O,O , 0:0. 
3 4 * 6 5 .5 2 n. 1 . 7 O 75 , 0. 7 ? 0, 7 80 9,0 . s 
192.09 192.99 195,52 201,00 207*00 212,95 z1bio70 217,9T -Y 
I 3.5o o. O1 , Os 0. 0. 0. 0, 







TABLE 4-3 (Continued) 
3 1400 0. 0. 0 o0* 0. 0 0o 0* 
4 1o00 . 0. 0. 0, 0. 0. 0. 0, 
22.00 0. 0. 0, O 0. 0. 0. 0. 
6 26.00 0. 0. 0, 00 0. 0, 0, 0, 
7 300o o. 0. 0. O 0, 0. 0. 0. 
8 33.50 0. 0. 0. 0. 0. 0. 0. 0. 
9 36.50 0. 0. . . 0, , 10. O 
39.00 0. 0. 0.* 0. 0. 0. 0. 
-1 41.00 0* 0. 0. 0. 0. 0. 0. 0. 
12 42.75 'n. 0. 0. 0. 0, 0. 0. 00 
13 44.25 o 0. 0. O O. 0. 0. 0. 


















17 48,12 a. 0. 0 0. 0. 0 0. 0. 
18 48.75 0. 0. 0. 0. 0. 0. 0. 0. 
19 49.25 O. 0. 0. 0. 0. 0. 0, 0. 
49.75 . o. 0. 0. 0. 0. 0. 0. 
21 50.20 0. 0. 0. 0. 0. 0. 0. 0. 
22 5bo.60 O" O" . 0. 0. 0.0 0 
23 51.05 0o 0. o. o. 0. O. 0. 0. 
24 51.65 n. 0. 0. 0. 0. 0. O 0. 



















28 56.69 o. 0 0, 0. 0. 0. 0. 














31 61.25 o. 0. O. O. 0. 0. 0. 0. 
32 62.15 n. 0. 0. 0. 0. 0. 0. 0. 
33 64.25 n. 0. 0. 0. 0. 0. 0. 0. 
34 65.52 0. 0. 0. 0. 0. 0. 0. 0. 
TABLE 4-3 (Continued) 
PHOTON SOURCE GROUP NO.. I 
| 2 3 4 s 6 7 a 
.50 1.75 3.00 4.75 7.50 11.50 17.00 23.30 




















1,08BE- 0 7 
1.0647E-07 







































H 33.50 2.08E-o 3.401E-08 4.6675E-08 6*3482E-08 8.9107E-08 1.2440E'07 1.6940E-07 2.1664E'07 





















12 42.75 1.7487L-08 2.8837E-08 3.9565E-08 5.3842E-08 7.5623E-08 1.0556E-07 1.4364E-07 1.B339E-07 
13 44.25 0. 0. 0. 0. O 0, O, 0. 
14 45.50 0. 0. 0. 0. 0, 0, 0, 01 
15 46.50 0. 0. 0. O 0. 0, 0, 0, 
10 4f,37 0. 0. 0, 0. 0, 0, 0. 0. 
17 48.12 o. 0. 0, 0. 0. 0, 0. 0. 
lb 48.75 0, 0* 0. 0. O 0. 0. o 
19 49.2> is 0. 0. 0. 0, O 0. O. 
20 49.15 0. 0. 0. .0. 0. O 0. 0. 
21 5n.20 O. 0. 0. 0 0 0. 0 0 
22 50.60 o. 0 0. 0. 0. 0. 0. O 
23 51.05 o. 0. 0. 0* 0. 0. 0. 0. 
24 51.65 o. 0. 0. O. 0* 01 o. O. 
25 52.50 0. 0. 0. 0. 0. 0, 0, 0. 





















29 58.25 0. 0. 0. 0. 0. 0. O 0. 
30 .5,75 0. 0. 0. 0. O 0, 0. 0. 
31 61.25 0. 0- Of 00 0. 0. O 0. 
32 62.75 0. 0 0. 0. O O 0. 0. 
32 64.P3 . 0# 0. 0. 0. 0. 0. 0. 
34 65.52 ,. 0. 0. 0. 0. Of 0. 0. 
910 11 12 13 15' 
30.50 37.5o 44.50 51.50 58.50 657 0o 










































b 2h On P 899cE.07 3 3059t_07 3,6310E.07 3.B751E.O 4 0373E.07 4,165E 0o7 4 1IB1E-07 4023E.07 
7 30,00 2,7512E-07 3.1363E-07 3.4445b-07 3,6759E-07 3.829 7E-0T 3,9047E l 3.9003E-07 3816BE-07 
33.50 2.6048E-07 2.9689E-07 3.2603E-07 
33.5 3 
.4792E-07 2.6 4RE 3.6246E-07 3 .6956 _0 ? 3.6914E-oT 07 
3.6124E07 
3 6 E­
TABLE 4-3 (Continued) 




















2 1 39E-07 
3o2657E-07 
3.144RE-07 
12 42.75 .2.202a-07 2.50781"01 2.752bE07 2,9367E-07 3,c592E-o7 3,1190 Ol 3,115E-07 3,048PE-07 
13 44.i5 0. 0. 0. 0 0. 0. 0. . 
14 45.50 f. 0. 0, O 0. 0. 0. 0. 
15 46.50 0. 0. 0. 0. 0. 0. 0. 0. 
16 47.31 n. 0. 0. 0. 0. 0. 0. 0. 
i 48.12 a. 0. 0. 0. 0. 0. 0. 0. 
18 48.75 0. O. . 0. 0. 0. 00 
19 49.25 0. 0. 0. 0. 0. 0. 0. 
20 49.75 0. 0. 0. 0. 0. 0. 0. 0, 
21 5n.20 o. 0. 0. 0. 0. 0. O. 0. 
22 50.60 0. 0. 0. 0, 0. 0. 0 0. 
23 51.05 0. 0. 0. O. 0. 0. 0. 0. 
24 51.65 n. 0. O. O. . 0.0. 0. 
25 52.5n o. 0. 0. Of 0. O 0 O0 
2b S.75 0. 0. 0. 0. 0. 0. 0. 0. 
27 55.19 0. 0. 0. 0. 0. O. 0. 0, 
28 56.69 O. 0. 0. 0. O. 0. 0. 0. 
29 58.25 0. O. 0. 0. O. 0. 0. 0. 
30 59.75 n. 0. 0. 0. . O. 0. 0. 
- 31 61.25 0 0. 0. O.0  0. . 
-. 32 62.75 0. 0. O. 0 0 0. * 0.O, 
0 33 64.25 .n" 0. O0 O. 0. 0. 0 

















































5 22.00 4.0191L-07 3.75941-07 3.4209E-07 3.0090E-07 2.5332E-07 2.0135E-07 1.5639E-07 1,2903E-07 
6 26.00 3.$54OE-07 3.605o0E-7 3,2R04E-o7 p.8855E-07 2.4292E-07 1.9307E07 1.4997E-07 1,2378E-07 
7 31.00 3.6558E-07 3.4196E-07 3.111E-7 2.7372E-07 2,3042E-07 1,8310E:07 1,4220E-07 1,1736E-07 
8 33.50 3.4600E-07 3.2366E-07 2.9453L-07 2,5908E-07 2.1807E-07 1.7323 -07 1.3444E07 1,108?2-07 
9 36.50 3.2797L-01 3.0680E-07 2.7920E-07 2.4559E-07 2.0670E-07 1.6411 -07 1.2719E-07 1.0471E-0? 





















13 44.25 0. 0. 0. 0. 00 O 6. . 
14. 45.50 0. 0. O 0. 0. O. 0. 0. 
lb 46.bn 0. . . 0.. 0. 0. 0. 0 
lb 47.37 n. 0. 0, 0. 0. 0. O. 0. 
11 4,1.1? A. 0. 0. 0. 0. 0. 0. 0. 
1H 411.75 0. 0. 0. 0. 0. O. 0. 0. 
19 49.25 n 0. 0. 00 0. 0, 0 C 





















P2 50.60 0. 0. 0. O. , -0s DO 0. 0, 
23 51.0b 0. 00 0. 00 0 t. O0 Os 
24 51.65 0. 00 0. Do 0* 0. 00 00 
25 52.50 0. 0. 0. O. DO 00 00 00 
26 53.75 0. 00 Os O. 00 0. 0. 0. 
27 r..19 Do 0,O' 0. . O.ofD0 Of 
?U 56.69 0,- 0. 0, DO 0. DO DO 10. 
30 b9. 75 0. 0*#O. DO 0. O0 00 lo 
31 61.e5 o, 0, 0. -O. 0. 01 O. 
32 62.75 6. O. 0. O, 0, 0, O0 O 
33 64.25 Oo Oo 06 00O  0,O0 O 
34 6b.52 00O .O Of O. O0 Of no 
?S 26 27 28 29 30 31 1 32 
134.00 135.65 136.73 137,58 138.50 139,35 140*30 142#40 
1 3.5o 1.455SE'07 1.200SE'07 1,2033E-OT 0. DO 00 O0 
2 9.50 1.2417E-07 1.187SE-07 1.1909E-07 0. 0. 00 0; 
3 14.00 1.2213E-07 1*.1t689E,-0 1.1725F.-07 0. O. DO 0. Do 
4 18.00 l.l94?E-O? 1,143BE-07 1,1480E-07 0, 0, DO DO 04 
5 22.00 1.158lE-07 1.1101E-07 1.1150L-07 0. O. 00 Of" Do 
b.m 26,U0 1.1118E'07 1.0665F-07 1,0719L-07 0. , O Of 0O . 
10 30.00 1.0544E-07 1.0119E-07 1.0176E-07 0. 00 Of Of Do 
8 33.50 9*9b?OE-O8 9;S5554L-08 9.6089E-08 0. 0. 0. 0. 0. 
9 36.bO 9.3894L-06' 9.0006E-08 9.0450K'08 0, 00 00 00 0, 
10 3i9.00 8.8867E-08 8.5023E-08 8.5326E-08 DO DO DO 0, P. 
11 41.00 9.4735E-O8 8.0832F-08 8.0951E-09 DO Of Oe O. 0. 
12 42.75 8.1156L-08 7.7113F-08 707011E-08 DO t 00 Do 00 00 
1 3 44.25 0. 0. Of 00 0# 0* 09 DO 
14 45.50 0. 0, 0. 0. 0. 0. 0. g* 
15 46. O. 0.O. DO Of Oe 0, 0. Oe 
16 47.37 0. 0. 0. DO 0, 0, 0. DO 
l? 48.12 0. 0. 0. DO 0, 0. O, 0, 
16 4A.75 0. 0. 0. 0. 0. 0. 0. DO 
19 49.?5 0. Os 0. 00 00 O. 0. 06 
21) 49.75 O. 0. 0, 0. 0. 0. 0. O. 
21 5oo20 o. 0. O- 00 DO- 0* Of 06 
22 50.60l 0. O. O, 00 Do 0 O0 Of 
23 51.05 00 O. 00 O0 00 Of 0, 00 





















?I 5b. 1) 0 , 0.O. 0, 0. 0. 0. 0, -
2 6 b 6,h9 O. . O. 00 DO 01 DO 0: 
30 5,).75 o. 0. 0. 0. 0. 0. Do 0. 





































































































































































































































































































































































































































TABLE 4-3 (Continued) 
6 26.00 09 0* 0, Of 0. 0. 00 Os 
7 30,00 0, Oo 00 0. 0o Of 0o 0o 




























































15 46.50 A0. 0. Of 00 00 00 00 0. 
16 41-31 o- O. Of O0 O, O0 09 O. 


















































?3 51.05 0. 04 0, 00 O. 0, O, O0 
24 51.65 0: 0,. 0. 0. 00 0, 0. Os 
25 52.SO0 0. O. 0* 04 0, 0, 00 
P6 53.75 Os 0, O, 0. 0. Of 0. 00 
27 55.19 O. 00 0, O. 00 04 0. 06 
I''28 56.69 O. 9" 0, 00 00 00 Do 0* 
?-9 58.25 0. 0. 0. O0 0. 00 00 0. 
- 30 59.15 0. 0. 0. 0. Of O, 0. 00 
31 61.25 0a 00 0, O, O. O, 0, 00 
32 62.75 o. 0. O. 0, 0, 0, 0. 0, 
33 64.25 0, 04 0. 00 O9 0, O, 00 
















161,49 162,99 164,49 166o24 " 168,24 170.? 172624 174'q24­

















4 18.00 O. O. 00 O. 09 Of 0* O0 
5 22.00 0* O. 0. 06 00 Os ce O. 
6 26.00 0. 0. 0. 0* Of 00 00 00 
7 30.00 O, 0. 0. O0 0, 0, 0, &. 
a 33.5o0 O. 0* 0, 00 O1 01 0, O, 
9 36.50 0. 01 0, O* O1 0. 0. 0. 
10 39.00 0. 0'. 0, 00 0, 0, 0. 0. 
I1 41.00 0. 01 O.. 0. Of . Of 0: 


































































































































































































































































































































































































































































TABLE 4-3 (Continued) 
28 56.69 Do Of 0, 09 04 DO O* at 
29 b8,25 is at 0o Op Of 00 Of Of 
30 59.Y5 Do Ot 0, O. 04 00 Oo O. 
31 61.25 0. 0". 0, 04 6+ 0. 0 
32 62.75 Oo. O, 0, 00 0. O, 0o 0 
33 64.25 0. 0, DO O, Of 00 0, 0, 
34 .h5.52 o. 0* 0. 0. 0, 0. Go 0. 
6-; 66 67 68 69 70 71 72 
189.74 190.59 191,29 191,84 192114 192,34 192654 192.74 
1 3.50 'G, 0. 0, Of 0, O, a, D, 
2 9.50 0. O, 0° 0. 0. O, 0. 0. 
3 14.00 0, 0, 0. Of O, 0, O, Oo 
4 18.00 O. 01 0. at 0, 0, 0, 0. 



















8 33. 0. 0o. DO Of 0, 0, 0. 0, 
9 '36.bo0 . 0 O, , O& . O , Of 
10 39.00 o. 0. 0, 0, 0. 06 0, O, 
11 41.00 0. DO O, 0, 0. 0* O, 06 
12 42.75 0. 0. 0. 0, 0. Oi 0, 0, 
. 13 44.25 Do P. .o 0., 0. 0, 0. 0, 



















17 48-12 0. O. 0. Of 0, 0. 0. DO 
I t 48. Tb O" 0. 0. O6 0, DO 0, O, 
19 49.25 0. 0° 0, O, 0, 0, O, 0, 
20 4§.75 Do 0. 0. O. 0 . 0. 04 O. 
21 So.20 o. O, 0, 0, 0. Do Ot 00 
22 50.60 0, 0. 0, Of 0. 0, 0. O, 
23 51,05 0. O, 0. 0, 0. 0, 0. 0, 
24 5].65 0. O. 0, 0* 0. O, 0. 06 
25 52.bO 0. 0. 0. 0. 0. 0, O. O. 
26 53 75 0. 0, 0, 00 0, 0, 0. 04 
21 55,14 6. O. 0. 0. 0. 00 00 00 
28 56.69 1. Ot 00 a , Of Do, O, 0. 
29 5A.25 no 0. O, 0, 0. 00 0. 0. 
3V b4.75 0. 0.' 0. O. 0. 0. 0. 0. 
3 1 
38 




























71 74 75. 7t 77 78 79 so 
192.89 192.99 195.52 201#00 207,00 212,95 M1.OD W,797 o-
I 3A.5 o, 0, 0. o. 0. 0. 0. 0. 







TABLE 4-3 (Continued) 






























7 30.00 0. 0. O. 0. 0. 0. 0. 0. 
8 33.b0 0. 0. 0. 0, O O 0. 0. 














































46.50 0.  0. O 0. 0. 0. 0. 
36 47.37 0. 0. 0. 0. 0. O. 0. 0. 



















21 5o.2o a. f 0. 0. 0. 0. o 0. 0. 
4s. 22 50.60 O. O. 0. O* 0. O 0 0 
23 
PI24 




































24 58.25 O" O 0. 0?' 0.0 O O 






























THE DISTRIBUTED PHOTON SOURCE FOR GROUPS 2 TO 13 ISPRINTED IN A SIMILAR MANNER
 
4.6 PROGRAM LOGIC 
The general code logic used in the NAGS code is presented in this section. A 
description of each of the subroutines and their function in the overall code logic is described. 
4.6.1 Subroutine Description and Calculational Procedure 
The FORTRAN structure of the NAGS code consists of a main control link subroutine 
(MAIN) and four basic calculation routines (subroutines NAGS I through NAGS 4) which 
individually perform steps in reducing the neutron and photon energy flux data into usable 
forms. The final output of a NAGS problem is dependent upon the route or options chosen. 
A brief description of each FORTRAN routine is shown in Figure 4-3 . A description 
of each routine' s function is as follows: 
1) The MAIN subroutine initializes the problem by clearing out (set to 0.0) all 
data storage and allocates data storage on the basis of input pieces of data so that a variety 
of problems can be handled without program changes. This routine also handles the logical flow 
throughout the NAGS program system. 
2) The NAGS1 subroutine processes all geometrical data and neutron and photon 
energy flux data to obtain a binary work tape containing the flux data in a usable form for 
subsequent use. 
3) The NAGS2 subroutine processes the elementwise neutron and photon reaction 
rate and flux data to obtain a regionwise'source function and/or response function binary 
work tape for subsequent use. 
4) The NAGS3 subroutine calculates regionwise neutron and/or photon energy 
deposition distributions and integrals. In addition, NAGS 3 calculates neutron and photon 
dose rate throughout the two-dimensional mesh cell array. 
5) The NAGS4 subroutine calculates regionwise photon source distrilwtlons and 
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Figure 4-3. NAGS Basic Program Structure 
In addition, a set of subroutines are included in the NAGS code to calculate the 
region distribution data (SISET and SIR), to processes neutron and photon energy flux data 
in the separable Rand Z mesh cell directions (COLR and COLZ), and to print matrices of 
flux data (SCOUT). 
An SC-4020 plotting capability is achieved using the subroutines ARRAY, POINT, 
SORT, GRAB, FLAGSV, NXV, and NYV. The basic framework for plotting is controlled by 
subroutine AICRT4. In addition to these subroutines, another 20 to 30 subroutines for plotting 
are obtained from the EXEC 8 computer system. 
4.6.2 Overlay Structure 
To obtain more problem data space in core storage, the OVERLAY feature of the 
MSFC UNIVAC-1108 computer system is used. OVERLAY is a programming technique that 
minimizes the core storage requirements of the FORTRAN program. By minimizing the core 
storage required for the source program, more problem data space becomes available in core 
storage. 
The level structure used in the overlay of the NAGS code is shown in Figure 4-4. 
Levels are used to describe the sequence of loading overlays and to specify which sections 
of the source program overlay others. The main level of the overlay structure always resides 
in core storage. Only one primary level and its respective secondary levels can reside in 
core storage at one time. 
15 An increase of approximately . 000 10 core storage locations for NAGS problem 
data resulting in a total problem data storage of 47,00010 is achieved using the OVERLAY 
























Figure 4-4. OVERLAY Structure of the NAGS Code Q 
4. 7 METHOD OF SOLUTION 
47.1 Multigroup Flux Operations - Mesh Cell Deletion 
The NAGS code is capable of redefining the radial or axial mesh cell 
description of the input problem geometry and fluxes by mesh deletion. This procedure is 
included, 	at user options, to increase the utility of the program by adjusting the mesh size 
in a NAGS problem to meet computer core memory limitations in subsequent problems. 
Redefinition of mesh cells is done in a manner to conserve mesh cell fluxes in the redefined 
mesh cells. This procedure is restricted to the deletion of mesh lines internal to region 
boundaries of the problem geometry. The user specifies in the general problem input data, 
the mesh cell dimensions (coordinates) of the original or input flux data solution, as well 
as the mes cell coordinate identification numbers which will comprise the new (or redefined) 
mesh cell description. The average particle flux, P', ,"in each group in each new (redefined) 
radial mesh cell is computed as:* 
if
 
A. = s 1 .i 
if 
i =i 	 AA. 
S I 
where, l is the centered average flux in the redefined radial mesh cell, I, for each axial 
mesh cell, i- The quantities is and i f are the input flux mesh cell coordinate indices which 
form the left and right boundaries of the new or redefined radial mesh cell, I. The quantity, 
AA. is the cross sectional area, (R2 + I-R 2), of the mesh cell, i. The computed average 
flux data,,, 
, is placed at the radial midpoint of the new mesh cell, R1 = 1/2 (R, + R 
£ f 
* 	 Note: The solution for the azimuthal variable, 9, in the R-9 solution is the same as for 





In a similar fashion, the averageIf flux, $ in bach new axial mesh'cell is obtained as: 





where is the centered average flux in each group in the redefined mesh cell, (I, J) and 
ills the centered average flux previously computed in the redefined radial mesh cell, I, for 
each axial mesh cell, j. The quantities, isand j, are the input flux mesh cell coordinate 
indices which form the bottom and top boundaries of the new (or redefined) axial mesh cell, 
J. The quantity, AZ,, is the height of each axial mesh cell, j. The computed average flux 
data, 0 lJ' is placed at the axial midpoint of the redefined mesh cell, Z = 1/2 (Zis + Zif). 
4.7.2 Mesh Cell Calculations 
The computation of the neutron and photon interactions in each mesh cell of each 
region of a NAGS problem geometry is carried out using fluxes obtained in the redefined 
mesh cell description. The interaction calculations and the resultant product (neutron source, 
photon source, or particle energy deposition) are summed over all groups, materials, and 
interactions to provide total interactions, source strength, or energy deposition on an 
individual mesh cell basis throughout the two dimensional model. Subsequent operations on 
the mesh cell data provide the region integral distributions, as well as the integrals over all 
mesh cells and all regions. These final data processing operations are performed without 
alteration of mesh cell data so that all mesh cell data can be used in subsequent photon 
transport calculations. The procedure for obtaining particle interaction data in the program 
is carried out on a regionwise basis. 
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The mesh cell calculations are based on the redefined mesh cell description and 
fluxes. These fluxes are processed on a groupwise basis to obtain the total source or energy 
deposition in each mesh cell of a region. Mesh cell calculations dre performed at both 
internal and external mesh cells of a region and at adjacent external mesh cells. Internal 
mesh cells are designated in Figure 4-5 by O's; external mesh cells are designed by X's. 
Calculations in mesh cells, external to and adjacent to the region being calculatedt 
provide results for use in interpolation or extrapolation of distribution values at the region 
boundaries. This procedure provides a calculated source or energy deposition distribution 
value at each boundary of a region. This calculation is described in detail in Section-
The calculation of photon source and associated quantities at each mesh cell follow as: 
1) Neutron fission density: 
F 
F 
I NEL] NGNE N 
m 
agGfm gUI 
m= 1 g = 
2) Fission neutron source density: 
NEL NGN 
Q j=9fm= N m IJ 
3) Photon source density in photon group, k, from neutron fission (prompt and decay): 
FlJ 	 l 
4) Neutron radiative capture density for element, m: 
Cmlj = F,NGN N ag 	 , g 
"g=l m cm t IJ 
5) Photon source density in group, k, from neutron radiative capture: 
k NEL 
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Region Mesh Cell DescriptionFigure 4-5. 
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m­6) Neutron inelastic scattering density for neutron group, g, and element, 
: m 
um= N A 
7) Photon source density in photon group, k, from neutron inelastic scatter: 
kNELNI 
1
gFa1 IJ sgm 
Total photon source density in photon group, k, from all sources:8) 
k = + )k 
The mesh cell calculations of energy deposition are performed for neutrons and 
photons.on a groupwise basis. The calculations follow as: 
1) Neutron kin.etic energy deposition: 
H =.60 10 -13 NEL NFAST 0 , Nm PNIo1.OxefHu~ ~ ~~ l of A 
M=I g=l m 
2) Photon energy deposition: 
NEL NGG k 
1 3  H =1.603x 10- E N p (---)m IJ 
m=l k=1 m n 
24 






4.7.3 Region Operations 
Region dependent quantities cre calculated from the internal and external mesh cell 
data described in the previous section. These data are processed on a single region basis to 
obtain the total mesh cell photon source for photon transport, or the region source integral 
and energy, or spatial distribution data required for point kernel and/or Monte Carlo input, 
or region energy deposition integrals and.distributions. The calculaion of the photon source 
data and particle energy deposition data is discussed separately in the following sections. 
The region boundary mesh cell numbers IS, IFJ 5s and JF define the NAGS region in the 
total mesh cell description. These values determine the limits.of integration to be used in 
NAGS region calculations. 
4.7.3.1 Photon Source 
The photon source mesh cell data, described in the previous section, are processed 
in conjunction with the region and .mesh cell.dimensions to obtain final region quantities of: 
1) Total region volume.. 
2) Total region weight. 
3) Region integrals of: 
a) photon source 
b) neutron induced fissions­
c) neutron source 
d) photon energy spectrum including volume averaged spectrum 
4) Region separable radial and axial distributions for photon source, neutron 
induced fission, and neutron source. 
Intermediate and final region data are calculated from the internal and external 
mesh cells as shown in Figure 4-6. The region boundary values calculated from these data are 
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Figure 4-6. Region Separable Distribution Description 
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RADIAL OPERATIONS 
Condition 1: Linear Interpolation at Internal Boundaries, R1 /0.0 
or./ Outer Radius of Reactor Geometry 
The value at the radial boundaries R is found by linear 
interpolation of adjacent mesh cell values as shown below 
A'3 A; A2 	 Aj A1 A2 	" 31
 
I ID I 
R3 R1 R2 1 R2 t .RRR' 	 R1 3
R' R 
Left Radial Right Radial
 
Region Boundary Region Boundary
 
[A (A3 R3 -A 2 R2 (R1 -R2 
ARR+ 
where: A 1, A2 , and A3 are the values, of the flux at the radial positions R1, R2 , and R3 , 
respectively. 
Condition 2: Parabolic Extrapolation of Reactor Centerline, RI 0.0 
The derivative of the distribution, S,, must be zero at RI =0.0 (i.e., 651/5 =0.0). 
The geometry with the two mesh cell yalues internal tothe geometry used forrparabolic 
extrapolations is as follows: 
A1 / 2 J 31 
11 2
 
R 	 R 
R1 '2R 31
Lef' Region Boundary 
A R22 - A2R2 
3 2 2 3 
R22-A1  R32 
Figure 4-7. Distribution Interpolation and Extrapolation Techniques 
(1 of 3 Sheets) 
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AXIAL OPERATIONS 
Condition 1: 	 Linear Interpolation Applies at Internal Boundaries, 
Z1 /Bottom or Top of Reactor Geometry 
The value at 	fhe boundary Z1 is found by linear interpolation of 
adjacent mesh 	cell values as shown below: 
A Z 	 A Z 
ZI 	 IZA1 	 A 1 
A3 Z3 	 A2 Z 
Bottom Region Boundary 	 Top Region Boundary 
(Z1(A3 -A 92) 	- Z 2 ) A -- A2 ( Z3 -Z 2 ) 
where: 	 AllA and A3 are the values of the flux at the axial positions Z, Z2, and Z3, 
respectively. 
Condition 2: Logarithmic Extrapolation at External Boundaries ZI 
Bottom or Top of Reactor Geometry 
The value at 	the boundary Z1 is found by extrapolation from the two adjacent mesh 
cells intxrnal 	to the boundary as shown below. A z 
21 1 
A Z A Z 
A1 	 ) A2Z 
Bottom Region Boundary 	 Top Region Boundary 
(ZIz3)In(,A3) 
A1 = A3 exp 	 [ 33inZ)] 






Condition 3: Logarithmic Extrapolation at the External Boundary, 
= Outer Radius of Reactor Geometry 
The value at the boundary RI is found by logarithmic extrapolation 
from the two adjacent mesh cells internal to the boundary as shown 
below. 
A2 A3 A 
OI 
R2 R3 R 1
 
2 3 
Right Region Boundary' 
A I x 
I3 2 
(RI - R3InA 
Figure 4-7. (Continued) (3 of 3 Sheets) 
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The initial operation to obtain region source or fission distributions separable in the 
radial and axial directions with values at the top, bottom, left, and right boundaries defin­
ing the exterior boundary of a region are as follows: 
1) External mesh cell values 











1=1 S k=l 
b) Bottom External 
IF NGG 
b = E E s 
=I=IS k I 
c) 	 Left External 
F NGG kc 
J=Js k = 1 
d) 	 Right External 
J 
S F NOG kr 	 r rJ 
2) 	 Internal mesh values 
a) Radial. 
F NGG 






I= IS k.=I 
3) Region areas and volumes 
IF 
4A = A 
IS 
JF 
AZ = E 
J =Js 
&AZj 
VR = AA • AZ 
4) Region integral values 
IF JF r NGG"' k zA AZj 
1=1s. J=Js 
5) Normalized distribution values" 
a) Internal 
SI (normalized radial) = SI &A/ST 









The normalization operation is performed as above for photon source, neutron 
induced fission, and neutron source. The values SI, Si St b ,S Iand Sr are used to 
calculate boundary values shown in Figure 4-6 using the techniques described in Section 4.7. 2. 











2) Region photon source 
a) Total Integrated Spectrum 
JF IF NGG 
SQ kl A1 AZ 3 
J=J I=1S k =1
 
b) Average Spectrum 
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3) Region neutron induced fission 
JF 
F = 1 EIF Fj &AI AZj 
J =Js Is 
J S 1 1S 
4) Region neutron source 
JF 
 IF NGN 




4.7.3.2 Energy Deposition 
The energy deposition mesh cell data described in Section 4.7. 2 is used in a fashion 
similar to that described for processing of photon source data. The final region quantities 
calculated are: 
1) Element or constituent.quantities 
a) Density in region in gms/cc 
b) Total energy deposition in kilowatts 
2) Region quantities for each material in the region 
a) Density in lbs/in. 
3 
b) Weight in lbs 
C) Total energy deposition in-kilowatts 
d) Photon energy deposition. in kilowatts 
e) Neutron energy deposition in kilowatts 
3 
f) Total energy deposition in Btu/tour, watts/gram, watts/cm in the solid 
material, Btu/lb-hour, and Btu/in. 3-hour in the solid material 
3) Region sep9rable radial and axial energy deposition distributions (relative to a 
region volume average of 1.0 and region average energy deposition in Btu/in. 3-hour). 
4) Region mesh cell total energy deposition in Btu/in. -hour. 
These distribution quantities are calculated using the same techniques described for 
the photon source calculation. Region integrals are obtained as the summation of neutron and 
photon energy deposition or as separate quantities. The integrals are multiplied by appropriate 
conversion factors to obtain either metric or English units. 
4.7.3.3 Interpolation and Exfrapolation Procedure 
The procedures for calculating the end (or boundary) points of a radial or axial 
source or response distribution in a NAGS region are described in this section. The techniques 
are discussed in general terminology because the calculation of boundary values for neutron or 
photon source, fission, or energy deposition distributions are the same. 
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As defined earlier, a NAGS region is a set of adjacent mesh cells having the same 
material composition and a rectangular outer boundary. The separable radial and axial 
distributions are calculated at the midpoints of the redefined mesh cells of a region. These 
data are used for all interpolation or extrapolation operations. The additional data used in 
these operations are the external boundary sources (or response values) calculated with 
material properties of the region, but with particle fluxes at the mesh cells external and 
immediately adjacent to the region, as shown in Figure 4-7 Dependent upon the position of 
the region in the reactor geometry, the calculation of the boundary value assumes one qf 
five types of interpolation or extrapolatioh techniques, as shown in Figure 4-7. The mesh cell 
data (internal and external to the NAGS region) are denoted by the dashed lines and the open 
O's. The boundary values to be calculated are denoted by the solid lines and by X's. The 
special case where the mesh cell lies at the reactor centerline, outer radius, top boundary, 
or bottom boundary of the reactor geometry requires special techniques to obtain the boundary 
value. In addition, the calculation of the boundary values of a region of only one mesh cell 
in width (or height) is based on the value at that mesh cell and at the two adjacent external 
mesh cell values. All values of external mesh cell data are calculated with the nuclear 





4.7.4 Overall Problem Operations 
At the completion of the region data processing, the NAGS program performs 
calculations and operations for all mesh cells in the reactor geometry. These final 
operations are dependent upon whether the neutron or photon source or energy deposition 
calculation option is used. 
4.7.4.1 Neutron or Photon Source 
The overall reactor geometry neutron and photon source calculations yield the 
integral photon source, neutron source, and fissions in the reactor. These integrations 
follow: 
1) Total photon source 
JCM ICM NGG 





FTotal- - E FI AAZI AZJ 
J=T 11 





In addition, the NAGS program will prepare a group dependent neutron or photon 
source binary tape. This tape will contain either neutron, total photon, or fission product 
decay photon source for all mesh cells in the reactor geometry. These data (with minor 
intermediate processing to generate a tape with one logical record instead of NGN or NGG 
logical records) are compatible with distributed fixed source input requirements of the ODD-K 
discrete ordinate transport program. The options available to the NAGS user are controlled 
by input integer NPUN (Card Type 3). The program prepares a binary tape containing one 
of the following sets of mesh cell data. 
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1) Total photon source for each group, k, 
Qk 
TIJ 
2) Fission product decay photon source for each group, k, 
Qkk
DI = r k Fj 
Dli d Ii 
3) Total neutron source for each group, g, 
Q9 =x9 QI 
Special features are included in the NAGS program for the generation of a binary 
tape of source data. The user can increase the size of the mesh cell source data of a reactor 
geometry by placing zeros on the tape to the left, right, or top of the reactor geometry. 
This option, which positions the NAGS calculated source data in a larger mesh cell descrip­
tlon, is included to permit, for example, a detailed neutron source calculation in the reactor 
core for use in a subsequent coarse reactor geometry. The detailed source calculation in the 
coarse geometry may not be possible in NAGS because of limited memory core storage; 
hence, this option can be used to reduce the flux data and then expand the source data. 
Further, this option, in conjunction with the mesh cell and flux redefining options, provides 
the user with considerable flexibility in running a linked neutron and photon transport 
problem using the DOT-IIW discrete ordinate transport program. 
4.7.4.2 Neutron or Gamma Ray Dose Rates 
At the completion of a NAGS mesh cell energy deposition calculation, the flux 
data at each mesh cell in the reactor geometry are used to calculate the neutron and photon 






1) Neutron dose rate 
NGN 
DNHK 9 'k 
g='l 





Since this operation is essentially a response function calculation, and is not stored 
in memory, the NAGS user can substitute other conversion factors in place of Kg or Kk, in 





5.0 SATURN CODE 
In certain calculations using the ANISN-W and DOT-IIW discrete 
ordinates transport codes with a large number of input cross section data, execution 
of the calculation is sometimes terminated because of insufficient core storage to 
process the cross section data. To alleviate this situation, the SATURN code was 
developed. SATURN processes P or transport corrected cross section data using a 
minimum amount of core storage to produce multigroup cross section data tapes in two 
formats for use in the ANISN-W or DOT-IIW codes. The two formats are the normal, 
group-dependent data tape or the specially prepared, group-independent data tape 
The data processing functions and options performed by the SATURN 
code are as follows: 
1) Preparation.of group-dependent and/or group-independent cross section 
data on magnetic tape or disk file and/or punched cards, 
2) Ihclusion of transverse leakage corrections to the macroscopic, 
cross section data, 
3) Preparation of macroscopic cross sections using mixing table 
operations, 
4) Adjoint reversal of the cross section data, and 
5) Output tape labeling and relabeling. 
These operations are performed in the SATURN code as a sequence of 
logical steps to minimize the core storage required to prepare cross section data 
The SATURN code is an auxiliary code and should only be used for 
those situations where the DOT-IIW or ANISN-W codes cannot process the cross section data 




5.1 COMPUTER CODE SYNOPSIS 
1. Name: SATURN (1 ) 
2. Computer: The code is designed for the UNIVAC-1 108 computer. 
3. Nature of Physical Problem Solved: SATURN processes P*or 
transport corrected cross section data with a minimum computer core storage requirement 
to produce multigroup cross section data tapes in two formats for use in ANISN-W (2 ) 
or DOT-IIW° (3) The two formats are the normal, group dependent data tapes or the 
specially prepared, group independent data tape. 
Options provided in the code include mixing table operations, selective 
transverse leakage corrections for P or transport corrected cross section data, and output 
tape labeling or relabeling capabilities Cross section data are input to SATURN from 
up to two magnetic tapes and/or cards at user option. 
4. Method of Solution: P or transport corrected cross section data 
are processed cs group dependent data on a per set basis to produce a group independent 
data tape for subsequent processing. A diagonal transport correction for P cross section 
data is calculated for use in the calculation of the diffusion coefficient required for the 
transverse leakage correction. Mixtures of cross section data are formed by specification 
of the mixture set number, component set number, and component density (or abundance). 
The final output of the code are two tapes containing the macroscopic cross section data 
for mixtures in a group-independent and group-dependent cross section data tape format. 
The group-dependent data for mixtures are obtained as output only if sufficient core memory 
storage is available to contain all of these data. 
5o Restrictions on the Complexity of the Problem: The SATURN 
computer code utilizes flexible dimensioning and magnetic tape or disk files to process 






of the flexible dimensioning technique, nosize restriction is imposed on any given 
array but the sum of the length of all data arrays is restricted by the available computer 
core memory. This limitatior will restrict the use of SATURN on only a small 
fraction of problems. The user should only use SATURN for ANISN-W or DOT-IIW 
problems requiring either transverse leakage corrections, or group independent tapes. 
6. Typical running time: SATURN will process approximately 10 
cross section sets per minute of UNIVAC-1 108 CPU time with each set containing 2000 
entries. The large amount of input/output will require approximately a factor of 4-5 
greater elapsed time for the majority of problems. 
7. Unusual Features of the Code: Use of flexible dimensioning and the 
processing of data as group independent data provides for the use of small computer 
core memory for the majority of problems. Calculation of transverse leakage corrections 
for P and transport corrected cross sections is automatically handled by the code. 
8, Related of Auxilary Codes: Cross section data tapes may be supplied 
by the GAMBIT, ) GAMLEG-W 1) ANISN-W2o APPROPOS(1)codes as well as other 
cross section generation codes which are compatible in format with ANISN-W. Output 
data tapes generated are admissible to ANISN-W or DOT-IIW. 
9. 	 Status: The code is in production use at the Marshall Space Flight 
Center (MSFC)o Users at MSFC load the code from a tape with control cards followed by 
user's input data. 
10. 	 References: 
I. 	 R. G. Soltesz, R. K. Disney, and S. L. Zeigler, WANL-PR(LL)­
034 Volume 3, "Cross Section Generation and Data Processing 
Techniques, " August 1970. 
2, 	 R.G. Soltesz and R. K. Disney, WANL-PR(.L)-034, Volume 4, 




3. 	 R. K. Disney, R. G. Soltesz, J. Jedruch, and S. L. Zeigler, 
WANL-PR(LL)-034, Volume 5, "Two-Dimensional, Discrete 
Ordinate Transport Techniques," August 1970. 
4. 	 G. Collier and G. Gibson, WANL-TME-1752, "GAMBIT 
Program, " April 1968. 
11. Machine Requirements: The SATURN code is in production at 
MSFC on the UNIVAC-1 108 computer with 65K core storage locations. The program 
requires approximately 15K decimal locations for the program; the remaining 50K decimal 
locations are available for problem data storage. 
12. Programming Language Used: The SATURN code is wFitten in 
standard, USASI FORTRAN-IV. 
130 Operating System or Monitor Under Which Program is Executed: 
The SATURN code is operational under the UNIVAC-1108, EXEC 8 Monitor System 
at MSFC. 
14. Other Programming or Operating Information or Restrictions: 
None. 
15. 	 Name and Establishment of Authors: 
R. G. Soltesz and R. K. Disney 
Westinghouse Astronuclear Laboratory 
P0 0. Box 10864 





5.2 INPUT 	DATA DESCRIPTION 
5.2.1 	 Input Format 
Input data for the SATURN code are subdivided into four data sets: 
1) Overall problem storage allocation, problem descriptive title, and 
problem size specifications and options, 
2) Problem data, 
3) Output tape cross section set label data, and 
4) Cross section data 
The first data set is entered as five cards of input under a fixed FORTRAN 
format for each card; the third data set is entered cs three cards of input under a fixed, 
FORTRAN format for each card. The second and fourth data set are entered under FIDO 
input subroutine control and can be written in one of three FORTRAN type format capabilities 
with data operations. The integer data arrays (denoted by a dollar sign) must always be 
input in the standard FIDO format capability which consists of 6 fields of 12 columns in 
each field. Each field in the standard format is subdivided into three subfields s shown 
in Figure5.-l. Integer data must be entered cs right adjusted in the third subfield of each 
data field. Real data (denoted by a *, U or V) may be entered in the standard FIDO 
format or one of the non-standard 
The non-standard SATURN input formats which are shown in Figure 5-1 are 
included for the user's convenience and can only be used for any real (floating point) 
data array. These non-standard formats cannot include any operation type (fill, skip, 
interpolate, repeat, etc.) but can include blank fields on a card that cause the input 
routine to ignore the rest of the card; i. e., if the punched cross section data for a material 
includes 117 entries (9 groups by 13 table positions), the set would be 19 full cards and 
a final card of three entries,using the U format. SATURN would skip the last three fields 
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1. 	 STANDARD: (6 (12, Al, F9.0) 
CRD COLUMNS, 1 1314 5 6 7 8 9 10 11 121 13 14 1 151l 6 17 18 19 
VDATA HIELD 
DATA TYPE 
OR OPERATION TYPE 
DATA ARRAY IDENTIFICATION NO. OR NUMBER OF OPERATIONS 
2. 	 NON-STANDARD: (6E12.5), UDATA TYPE 
CARDCOLUMNS11 3 4 5 6 7 8 9 10 11 12j 13 14 15 16 17 '18 19 
V" DATA FIELD 
3. 	 .. ION-STANDARD: (4 (IX, E16 9, IX), V DATA TYPE 
CARD COLUMNS~1 2 3 4 5 6 7 8 9 1101l1 12 13 14j 15 16 171 18sf 
DATA FIELD 	 EXPONENT FIELD 
613359-IOB
 




and commence reading at the first data field of the next card. In the standard SATURN 
format, the second subfield may include one of the data type or operation type-code 
letters. The following characters may be entered: $, *,-U, V, R, ItT, S, F, At + Z_ E, 
Q, NM, W and X. 
$ indicates the beginning of an integer (fixed point) array. The first subfield 
identifies the data array. 
* indicates the beginning of a real (floating point) aray in standard fomat. 
The first subfield identifies the array . 
U indicates the beginning of a real (floating point) array in the non-standard 
format 6E12.5 and the data array beginning on the next physical card. The first subfield 
identifies.the array. 
V indicates the beginning of a real (floating point) array in the non-standard 
(ODD-K) format 4 (1X, E16.9, IX). The first subfield identifies the data array beginning on 
the next physical card. 
R indicates that the data contained in the third subfield are to be entered R 
times in succession. The first subfield defines-the number of total successiveentries or 
Repeats(e. g., a 16R 1.0 enters 16 1.O's). 
I indicates linear Interpolation between the data in the associated third 
subfield and the following third subfield. The first subfield defines the number of inter­
polations between the two data entries (e. g., 41 0.0, 10.0 enters 0.0, 2.0, 4.0, 6.0, 
8,0, 10.0). 
T indicates Termination of data reading for a particular subset of data. No 
further data reading for a subset of data is attempted and the program proceeds to the next 
subset and the next physical data ,card. 
S indicates Skip. The first subfield defines the number of entries to be 
skipped. The third subfield may contain the first entry following the skips (e. g., 15S 
1 enters a I in the 16th word of any array). 
* "Right Adjusted" means the last significant digit of a number is at the extreme 
rightof a field. 
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F indicates that the remainder of the present array is to be Filled with the 
data entry in the third subfield. Any entry in the first subfield is ignored (e. g., F 1.0 
will enter all values of 1.0 in the 6* array). 
A indicates A ddress modification The next non-blank data entry is entered 
in the N th location of the present array where Nis an integer entry in the third subfield 
associated with the A. Any entry in the first subfield is ignored. 
+ or - indicates exponentiation. The data entry in the third subfield is 
multiplied by 10+N where N is the entry in the first subfield. This option allows more 
significant digits if necessary. 
Z indicates the entry of Zeros. The integer entry in the first plus the third 
subfield indicates the number of successive zeros to be entered, (e. g., JOZ enters 10 zeros, 
Z 20 enters 20 zeros, and 1OZ 20 enters 30 zeros). 
E indicates End array. This option skips to the end of an array without the 
need for specifying the number of skips0 
Q indicates sequence repeat. The integer entry- in the first plus the third 
subfield indicates the number of previous entries to be repeated. 
N indicates inverted sequence repeat. This option is similar to the Q option 
except that the previous entries are repeated in reverse order, (e. g., 0, 2, 4, 2N enters 
0, 2, 4, 4, 2). 
M indicates inverted sequence repeat except that the signs of previous 
entries are reversed when they are repeated. 
W indicates the array identified by the first subfield will be read according 
to the format on the following card. 
X indicates the array identified by the first subfield will be read according 





3W Card I (remainder of card must be blank) 
(7E10. 3) Card 2 (contains format only) 
3X Card 3 ( remainder of card must be blank) 
Cards 4 through N (contain the data according to 
the specifled format. No blank fields are allowed. 
Integer data in the third subfield must be right adjusted. Floating point data 
may be written with or without' an exponent and with or without a decimal point.- If the 
decimal point is not included, it is assumed to be immediately to the left of the exponent 
field. If there is no exponent, the decimal point is assumed to be at the extreme right of 
the nine-column subfield0 
The following restrictions must be observed when writing input data for the 
SATURN program: 
1) Floating point zeros must be written as 0. or 0.0, A .0 or -0.0 in 
either the standard or non-standard format is not acceptable. 
2) Blanks are ignored and the reading of data commences on the next 
physical card for the non-standard format and on the next field after the blank field for 
the standard formats. 
3) If an I is specified in any data field, the third subfield of that field 
and the following third subfield of the next field cannot be blank. In addition, the second 
subfield of the field following a field containing an I cannot contain an A. 
4) If the third subfield of a data field containing a $or a * contains an 
integer, N, the next data entry is assumed to be the (N + 1) th member of the army. 
Normally, this third subfield is blank and is interpreted as zero. 
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5.2.2 Input Data Instructions 
This section is to be used as a guide in preparing problem input data for the 
SATURN code0 Other sections present a more detailed description of the data presented 
here. The quantity in slashes represents the condition requiring that array or set of arrays. 
Arrays or sets of arrays with the corresponding terminate (T) card which are not required 
should not be entered. If no condition is specified, the array is required. Note that a 





TABLE 5-1 INPUT INSTRUCTIONS FOR THE SATURN CODE 
DATA SET I - OVERALL PROBLEM STORAGE ALLOCATION, PROBLEM TITLE, 
PROBLEM SIZE SPECIFICATIONS, AND OPTIONS 
Card 
Number Format Column Variable Description 
I (6X,16) 7 - 12 MAXCOR* Maximum number of core locations 
available for SATURN data (i.e., 
MAXCOR = 3500010 on the UNIVAC­
1108, EXEC8 computer with a 65K core 
memory storage available) 
2 (18A4) 1 - 72 TITLE Problem Title 
(6112) ..--- Problem Size Specifications and Options: 
1 ­12 MTP Number of input cross section sets from 
cards and tapes 
13-24 MTX Number of mixtures to be formed 
25 - 36 IBUK Number of mixtures to be excluded from 
transverse leakage calculation. If IBTY 
equal 0, then IBUK = 0, and the 2* and 3$ 
array are not required;-if IBUK equal to 0, 
then, the 1$ dat array is not required. 
37 - 48 IMIX Mixing table length 
4 (6112) --- --- Cross Section Set Specifications: 
1 -. 12 IGM Number of energy groups 
13 - 24 IHP Table length without the total upscatter 
cross section position 
25 - 36 IHT Position of total cross section, at, in 
cross section table 
37 - 48 IHS Position of within-group (self-scatter) 
cross section, 0gg, in cross section table 
49 - 60 ISOL Cross Section Output Format: (0/1; 
ForwardAdjoint) 
* The maximum value of MAXCOR is determined by the maximum-size of blank common 
set at code compile time. 
5-11 
TABLE 5-1 INPUT INSTRUCTIONS FOR THE SATURN CODE 
(Continued) 
Card 
Number Format Column Variable Description 
5 (6112) ..---	 Calculation Options: 
1 - 12 ICODE 	 Output data option: (0/1; ANISN-W/ 
DOT-IIW) 
Note: ANISN-W data option provides the 
total upscatter cross section 	in table 
position IHP + 1. DOT-IIW data option 
provides the total upscatter 	cross section 
in table position, IHT+ 1. 
13 - 24 IBTY 	 Transverse Leakage (DB2) Calculation 
Option: (0/1/2/3/4; None/Group and 
Material Independent/Group Dependent-
Material Independent/Group Independent-
Material Dependent/Group and Material 
'Dependent) 
25 - 36 ITAPE Card and Tape Input Cross Section Data 
Options: 
ITAPE 1: Card input only. 
ITAPE 2: Tape 16 and/or card input. 
ITAPE = 3: Tape 16, 	 tape 18, and/or card input. 
If ITAPE >0, cards are read with the FIDO 
Format. 
If ITAPFeO, cards are read with a 





TABLE 5-1 INPUT INSTRUCTIONS. FOR.THE, SATURN CODE 
(Continued) 
Ca rd 
Number Format Column Variable 
37 - 48 ITYPE 
49 - 60 ICARDS 
61 - 72 ILABL 
Description 
0/1; Group-independent tape only/group­
independent tape and group dependent 
tape 
Note: Group-independent tape is 
generated on Tape 14, Group-dependent 
tape is generated on Tape 12 only if the 
memory core allocation, MAXCOR, is 
large enough to accept all MTP cross 
section sets (MTX = 0) or MIX cross 
section sets. 
Punched Card Output: (0/1; No/yes) 
Note: Punched card output is provided 
only if ITYPE = I and a group-dependent 
tape is successfully generated (Tape 12). 






TABLE 5-1 (Continued) 
DATA SET 2 - PROBLEM INPUT-DATA (FIDO FORMAT) 
Set FIDO 
Number Format Variable Description 
$ IB 	 /If IBUK 0/ 
Cross section set numbers excluded from DB2 calculation. 
IBs must be entered in the same number sequence as the 
entries in the MT data array (9$) 
(IBOK Values) 
2 * or U BK 	 /If IBTY / 0/ Transverse leakage data:
 
/if IBTY = I/
 
BK(I) = DY) 
BK(2)= DZ1 ,Group and material independent 






/ifIBTY = 2/ 
BK(1) - BK(IGM), Group-dependent B2 
(IGM Values) 
/if IBTY = 3/ 
BK(1) - BK(MTX) , Material.-dependent B2 (MTX Values) 
/If IBTY = 4/ 
BK(1) - BK(IGM*MTX), Group and naterial­
dependent B 
(MTX*IGM Values) 
3$ LPL 	 /If IBTY / 0/ 
It scattering order of each macroscopic (input or mixture) 
cross section set (e.g., for a P3 set, enter a 3) 
(MTP or MTX Values) 
4 MB 	 /lf IMIX / O/
 







TABLE 5-1 (Continued) 
DATA SET 2 - PROBLEM INPUT DATA (FIDO FORMAT) 
Set FIDO 
Number Format Variable Description 
5 $ MC 	 /if IMix/ 0)/ 
Component material numbers in 	mixing table 
(IMIX Values) 
6 *or U XD 	 /IF IMIX 0// 
Atom densities, partial densities, or fractions of component
 




9 $ MT 	 Cross Section Set and Input Source Specifications: 
-M:Tape18, M =JD Number, 
0: Cards, or 
+M:Tapel6, M = ID Number 
(MTP Values) 





DATA SET 3 - LABEL DATA FOR OUTPUT TAPE AND CROSS SECTION SETS
 
Card FORTRAN 
Number Format Column Variable 
(16,A6) --- ---
1 ­ 6 IA 
7 - 12 B 
2 (18X,16,8A6) -----
19 -24 JDT 
25 - 72 IDT 
Description
 
/If ILABL = 1/
 
Group dependent output tape label:
 
Number of cross section sets to be
 




A six character title for the output tape
 
/If ILABL = I/
 
Cross Section set label information:
 
Cross section set identification number
 
to be placed on output tape
 
Cross section set identification title.
 
A 48 character descriptive title.
 
NOTE: If ILABL = 1, then card 2 is repeated for MTP cards. 
3 (18X,16,8A6) --- /If IMIX>O/ 
Cross section set label information for 
mixtures formed in mixing table. 
19 - 24 JDT Cross section set identification number 
to be placed on group-dependent output 
tape (Tape 12). 
25 -72 IDT Cross section set identification title. 
A 48 character descriptive title. 
NOTE: 1) If IMIX >0, then card 3 is repeated for MTX cards 





TABLE 5-1 (Continued) 
DATA SET 4 - CROSS SECTION DATA FOR COMPONENT MATERIAL ON CARDS 
Set 
Number Format Variable Description 
/If ITAPE <0/ 
10 * or U CRI 	 Cross Section data for each set in FIDO format. 
(IHP*IGM Values). Each set is preceded by a 10* or 
U and followed by a T card. 
Terminate Card (T in Column 3) 
/if ITAPE > 0/ 
--- (6E12.5) CRI 	 Cross section data for each set in a fixed, FORTRAN 
format 
(IHP*IGM Values) 
Note: Cross Section data must be continuous on 
cards; no terminate card is required. 
NOTE: 	 Data Set 4 is repeated in the sequence of zeros (0s) for all values of MT = 0 in the 9$ 
array in Data Set 2. 
This concludes the required input for the SATURN code. Stacked problems would begin with 
card number 2 in Data Set 1; however, Tapes 12 and 14 are rewritten for stacked problems. 
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5.3 DETAILED INPUT DATA INFORMATION 
This section presents a more detailed definition of selected parameters 
and arrays defined in Section 5.2.2. Examples are provided to illustrate the various 
ways of entering the data or the specific manner in which the data must be input. 
5.3.1 Mixing Table Calculations 
The SATURN mixing table calculations afe performed in a similar fashion 
to the ANISN-W and DOT-IIW codes. The mixing table is input as three sets of input 
data ( i.e., mixture material, component material, and density) in the following form: 
TABLE 5 - 2 
EXAMPLE OF MIXING TABLE OPERATIONS 
Mixture Material Component Material Density, 
Number, MB Number, MC XD 
Number 4$ 5$ 6* 
1 6- 0 0.0 
2 6 1 0.10 
3 6 3 0.0002 
4 7 0 0.0 
5 7 2 0.06 
6 7 4 0.04 
7 8 0 1,0 
The combination of three values of input data in the 4$, 5$, and 6* arrays 
specify the type of mixture calculation to be performed. 
Mixing table operations assume that the cross section data, whether 
components or mixture materials, are referred to by a continuous sequence of material 
numbers. Operation on a set number, N,is specified in the 4$ or 5$ input data arrays. 
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The following explanation of mixing table operations uses a lower case a, to illustrate 
microscopic or macroscopic cross sections; the group and cross section ,type indices are 
not included for simplicity. 
The type of mixing table operations available are: 
1. If the mixture material number, MB, -is the number N, and the 
component material number is zero, 0, then all values of the cross section set, N are 
multiplied by the density, XD. This operation can be used to set all values of a set 
to zero (ioe., XD = 0.0) or to multiply all values by a constant ( i.e., XD = C). 
The operation performed is as follows: 
a N(New) = a N(Old) * XD 
2. If the mixture material number is the number, N, and the component 
material number is the number, M, then all values of the cross sections in set M are 
multiplied by the density, XD, and added to the corresponding values of the cross 
sections in set N. The operation performed is as follows: 
aN(New) = a N(Od) + (aM * XD) 
In the above mixing table operations, the mixture or component material 
may be made up of microscopic or macroscopic cross sections for a single element or 
isotope or mixture of elements or isotopes. By proper choice of the density (eog., atom 
density, weight fraction, or volume fraction) the required macroscopic cross section 
data can be formed. 
If the user specifies a set number, N, which is greater than the sum of 
the input values of the number of sets from cards and tape, MTP, and number-of mixtures, 
MTX, the following error message is printed: 
INPUT ERROR - INSUFFICIENT ST9(RAGE-F0R MIXTURES 
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Examples of the use of the mixing table afe shown in Table 5- 2 . The 
seven operations performed in the table are: 
1. 	 Initialize the mixture material set 6 cross sections to zero by; 
6 6 00 
2o Add cross sections of component material set I weighted by the 
density to mixture material set 6 by; 
a6 6 + (01 * 0o1) 
3, Add cross sections of material set 3 weighted by the density to 
mixture material set 6 by; 
a6 = a,6 + (a3 * 0.002) 
4. 	 Same as Step 1 except for mixture material set 7. 
50 	 Same as Step 2 except for mixture material set 7 and component material 
set 2. 
6. 	 Same as Step 3 except for mixture material set 7 and component material 
set 4. 
7. 	 Multiply the mixture (or component) material set 8 by 100 and store 
the result in mixture material set 8 by: 
o 8 (New) = a 8 (Old) * 1.0 
When the order of scatter for any material zone is greater than zero, 
both the ANISN-W and DOT-IIW codes expect the P1 cross sections to be material 
M + 1, the P2 cross sections to be M + 2, etc., where M is the P0 material number 
specified in the 9$ array in these codes. Therefore,' in generating the group-independent 
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5.3.2 TRANSVERSE LEAKAGE CALCULATIONS 
The option to calculate a transverse leakage correction as a fictitiousabsorption 
is included in SATURN for two purposes. The first purpose is to provide a capability to include a 
transverse leakage correction to macroscopic cross sections for use in x, y, or r, 9 DOT-IIW 
calculations. The second purpose is to provide the flexibility to include a transverse leakage 
correction which is group and/or material dependent to supplement the group and material 
independent transverse leakage correction in ANISN-W. 
The generation of cross sections with transverse leakage corrections with the 
SATURN code assumes that the usef will not perform mixing table, search, or density 
factor calculations in ANISN-W or DOT-IIW because these calculations do not allow 
the adjustment of the transverse leakage correction with these operations. 
The inclusion of a transverse leakage correction using the SATURN code is 
based on a particular type of transport correction applied to P cross section data as well as 
the order or sequence of the P6 cross section sets. The transverse leakage correction 
applied to each macroscopic cross section set is the inclusion of a fictitious absorption cross 
section in the total and absorption cross section of; 1) the P0 cross section data of a P1 
cross section set or 2) the transport and absorption cross section of a transport-corrected, P0 
This transverse leakage correction term, D B 2 (i.e., fictitious absorption crossset. mgrfmg 
section), is chosen from one of the following four forms: 
1. Group and Material Independent-
B2 3 r=r] 
D B 
mg mg k+F 





2. Group Dependent - Material Independent: 
Dmg mg 3 r B 
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3. Group Independent- Material Dependent: 
mg mg 3 a tr * BmmBjmD2r 
4. Group and Material Dependent 




B2where: D 	 is the transverse leakage correction applied to the total 
mg mg (or transport corrected) cross section and absorption 
cross section of each group g of material m. 
tr 	 is the macroscopic transport cross section of group g of 
mg material m (see the following discussion for additional 
information). 
DY, DZ 	 are the input values of the transverse dimensions of the 
system. 
BF ith inut omtnt,"OT-- .
BF 	 is t e input c nstant,, (Usually input as 1.4209) 
to define a group and material dependent extrapolation 




g m mg 	 are input'values of the transverse buckling term for group­





The calculation of a transverse leakage correction assumes that for P0 (transport 
corrected cross section data) the transport cross section, a , is in position IHT in set m 
mg 
for all groups . If P cross section data are used, the user specifies, as input, the P2 order 
of the set m. The calculation of the transport correction using the diagonal transport 
approximation with P cross section data is defined by: 
tr at [1+ a ig (for 2 =1)
mg mg g211 mg I 
where: 
tr is the macroscopic transport. cross section used in the calculation 
mg 
of transverse leakage correction for group g and material m. 
at is the macroscopic total cross section for group g and material m. 
mg 
G is the total number of energy groups, IGM 
a mg' g is the P1 scatter cross section for transfer from group g to group g' 
and material m. 
The operation performed in the SATURN code is to calculate the quantity:[ mg'g 
for each group of each input cross section set and place this quantity in the position of 
the absorption cross section (IHT-2) of the group, g. This calculation is not performed 
if the cross section in the total cross section position, IHT, is non-zero. Therefore, the user is 
cautioned in the input of cross section data (such as activities)}because the total cross section 
position must be non-zero to delete the calculation of the sum. of the P1 scattering data. 
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5.3.3 	 Labeling Option 
The labeling option, ILABL = I in Data Set 3 allows the user to generate 
a group-dependent cross section tape with cross section set identification supplied by the 
user. This cross section set identification consists of the material identification number on tape 
and a 48 character descriptive title for each set of cross section data input from magnetic tape 
or cards. The SATURN code produces a new magnetic tape containing the relabeled cross 
section data for MTP sets in the sequence specified by the input data. This output tape is 
group dependent, no transverse leakage correction or mixing table operations are permitted 
on this data. 
The other labeling option in the SATURN code allows the user to label the mixtures 
formed in the calculation. This option is only permitted when ILABL = 0 in Data Set 3. 
These labels must be provided and are used as part of the information on the group-dependent 
tape. 
5.3.4 Limitations 
In performing SATURN calculations, two types of limitations can be encountered; 
the first limitation occurs due to insufficient core data storage space, and the second limita­
tion occurs due to insufficient Central Processor Unit (CPU) time0 
The first limitation of insufficient core data storage space results from attempting 
to run too large a problem for the amount of data storage specified on the MAXCOR card. 
On the MSFC UNIVAC-I 108 computer with the EXEC 8 Monitor-System,. the maximum 
value of MAXCOR, or the amount of available problem data storage, is approximately 
35,00010 when used with 65K 10 core locations. Because the SATURN code is written in 
variable dimension, on any given data array no size restriction is imposed; a size restriction 
is only imposed on the length of the sum of all data arrays. For this reason, changing the 
code to use more core storage for data should it become available at MSFC, can be easily 




This first limitation can sometimes be circumvented by splitting up the calciulation 
into two calculations, in the case of the group-dependent tape, and combining the two 
tapes using system utility routines. For the group-independent tape, no simple solution 
is possible. The calculation must be reduced in complexity. 
The second limitation of insufficient CPU time can be readily alleviated. By 
using the time estimate equation with an appropriate "safety factor, " this limitation can 
be circumvented. 
5.3.5 Problem Size Determination 
To determine the number of core memory storage locations required for data of a 
given problem, each of the expressions below should be evaluated and summed as noted. The 
value of the sum, including the conditions imposed on the expressions, provides the value of 
the required input parameter, MAXCOR, on card 1 of Data Set 1. For a SATURN calculation 
to run successfully, the input value of MAXCOR must be greater than or equal to the calcu­
lated value of MAXCOR. All quantities in the expressions below are required input parameters 
defined in section 5.2.2 except where defined. The symbolism, MAX (xI, x2 , . ..)1 
signifies the maximum value of the quantities or expressions, x., in.the parenthesis is used 
in the calculation of the overall expression. 
SATURN Flexible Dimension Data Storage Requirements: 
If ITYPE = 0: MAXCOR= A + (IHP * IGM) + NRI 
If ITYPE = 1: MAXCOR= MAX (A + (IHP * IGM) + NRI, A + NR2)-
Where the quantities, A, NRI, and NR2, are dependent on the parameter, MTX 
If MTX = 0: 
A 50 + IBUK + IBT + (l1 * MTP)
 
NR1 = MAX (MTP * IH,IGM * IH)
 




where: IUP = IHS - IHT -
If IUP = 0, IH =IHP 
If IUP/ 0, IH=IHP+1' 
If IBTY=0, IBT=0 
If IBTY = 1, IBT = 3 
=If IBTY =2, IBT IGM 
If IBTY =3, IBT = MTP 
If IBTY=4, IBT = IGM* MTP 
If MTX/ 0: 
A = 50 + IBUK + IBT + (10 * MTX) + (10 * MTP) + (3 * IMIX) 
NR1 = (MAX (MTP + MTX, IGM) ) * IH 
NR2 =IH *IGM* MTX 
where: IUP = IHS - IHT - 1 
If IUP =0, IH = IHP 
If IUP,/0, IH=IHP+I 
If IBTY=0, IBT=0 
If IBTY = 1, IBT =3 
=If IBTY =2, IBT IGM 
If IBTY = 3, IBT = MTX 





5.4 PROBLEM SETUP INFORMATION 
This section describes the data deck setup for the SATURN code. Information on 
tape assignments, running time, error messages, and a sample problem, card, input are 
provided.
 
5.4.1 Tape Assignments 
The SATURN code requires a maximum of 7 tape or disk files. The specific number 
of files required is dependentupon the type of calculation0 For many problems, only two 
tapes are required; all other files can be scratch disk devices (FASTRAND). The file 
assignments for the SATURN code are: 
Tape 2 Intermediate Scratch Disk 
Tape 5 Input Disk 
Tape 6 Printed Output Disk 
Tape 7 Punched Output Disk 
Tape 8 Intermediate Scratch Disk 
Tape 9 Intermediate Scratch Disk 
Tape 12 Group-Dependent Output Tape 
Tape 14 Group-Independent Output Tape 
Tape 16 Input Cross-Section Library Tape 
Tape 18 Input Cross-Section Library Tape 
Generally, disk devices should be requested for tapes 2, 8, and 9 because of the 
large volume of data per record. 
5.4.2 Running Time 
The SATURN code will process approximately 10 cross section sets per minute of 
UNIVAC-1 108 CPU time with each set containing approximately 2000 entries; the large 
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amount of tape and disk operations requires about 4 or 5 minutes of elapsed time (exclusive 
of roll out/roll in operations or disk access competition) for 10 cross section sets. 
5.4.3 Error Messages 
A number of SATURN code generated error messages may be encountered in running 
a SATURN problem. These messages are primarily due to incorrect problem input. The 





Input Error-Insufficient Storage 
for Mixtures, STOP 4 
End-of-file encounter on tape 
(16, for example), check input 
value of (MT(M), for example) 
for (M, for example) = (2, for 
example), STOP 5 
Error, N entries required in (3 $, 
for example) array, data edit 
continues. 
Explanation 
Problems too large to fit on the computer 
or else the value of MAXCOR was input 
incorrectly. 
An input error has occurred in reading the 
input data for Data Set 2. 
An input error has occurred in reading the 
input data for Data Set 4. 
MTX was input as zero and mixtures were 
input or else aset number, n, was input 
which is greater than the sum of the input 
values of the number of sets from cards and 
tape, MTP, plus the number of mixtures, 
MTXo 
A tape ID number was improperly specified 
(out of sequence or non-existent) for input 
tapes 16 or 18. 
Too many or too few pieces of data were 






Warning, Interpolation used in the 
(9$, for example) integer array, data 
edit continues. 
Fill Option ignored in (9$, for 
example) array. 
Warning, Address is beyond 
the limits of the (9$,-for example) 
array. 

5.4.4 Sample Problem Input 
Explanation 
The code is warning the user that integer 
interpolation, which involves computer integer 
arithmetic~is being used. Compute4 in 
performing integer arithmetic, drop any 
fractional remainder. 
The code already has all the data it needs 
for the specified array. Most often, no 
entries are required for the input array. 
The user, in inputting data with the A 
format, has exceeded the storage area set 
aside for the specified array. 
A listing of the input data for a SATURN sample problem has been included 
in Table 5-3 to illustrate the flexibility of the input data formats and the structure of a 









SATURN FOR FULL P1 (KR02151 FOR CtU235,AL 52GROUPS FOR RGS HOLLEY DATA 020
 
6 2 0 8 DATA 030
 
52 34 3 14 0 DATA OO
 














7, 7 7 ? a 8DATA 110 




0 1 3 5 0 2DATA 140
 
4 6 DATA 150
 
6* 	 DATA 160
 
0.0 0.0037 0.06 0.0041 0.0 0.0037 DATA 170
 
C.i 0.06 0.0041 DATA t80 
9$ DATA 190 
0 0120 ,. 0121 0620 0621 3520 3521DAYA 200 
T 	 DATA 210
 
1 POS2GROUPS, ALCU235 DATA 220
 
2 P1,52GROUPS, ALCU235 DATA 230
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5.5 DESCRIPTION OF OUTPUT 
Computer output from a SATURN code calculation consists of printed output, 
punched output and two binary tapes. The following sections des6ribe, in detail, each 
form of output. 
5.5.1 Printed Output 
The printed output from the sample problem input data presented in Section 5.4.4 
is shown in Table 5-4. The first output section printed by the SATURN code is a description 
of the overall problem parameters contained in Data Set 1 consisting of set/mixture specifications, 
cross section set specifications, options, and core memory information. The second output 
section consists of a brief edit of the input data arrays contained in Data"Set 2 consisting 
of the array identification and the number of entries found in that array. If the number of 
entries is incorrect, the entire array is printed. T's are printed when encountered. Several 
self-explanatory error messages may be printed in this section. If any data errors are found, 
the problem is terminated at this point. 
The next section lists the transverse leakage data, if entered (IBTY > 0). The 
code first lists which materials are to be excluded from the transverse leakage correction 
(1$) and then the PI order (3$) of all the MTP or MTX sets to be processed. Next, the code 
lists the parameters DY, DZ, and BF(2*) if IBTY = 1 (implying group-and region-independent 
data). If IBTY = 2 (implying group-dependent data), or IBTY' = 3 (implying material-dependent 
data), IGM or MTX values of transverse leakage dta(2*), respectively, are printed. IF 
IBTY = 4 (implying group-and material-dependent data) a table of IGM x MTX values of 
trasverse leakage data(2*) are printed. 
The next section lists the mixing table data (if IMIX > 0) and the data soude 
and identification number (9$), whether from tape 18 (-M), from cards (0), or from tape 16 (+M). 
The mixing table data consists of the mixture material numbers (4$), the component material 





SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE SATURN CODE 
SATURN FOR FULL P1 (KRO215) FOR C9U2359AL S2GROUPS FOR ROS H4LLEY 
SETS/MIXTURES SPECIFICATIONS
 
NO. OF CROSS SECTION SETS FROM CARDSeTAPE16tTAPEIO 6 
NO. OF MIXTURES To HE FORMED ?e.#.... 2 
No, OF MIXttJHS(SETS) NOT IN B**2 CALCULAION 0 
NO, OF ENTRIES IN MIXTURE TABLE * * p . . . 8 
CROSS SECTION SET SPECIFICATIONS
 
NO, OF GROUPS @ . *± t p ! ! * * 52 
NO. OF CROSS SECTION POS.(TABLE LENGTH w/UPS) * * 34 
POSITION OF SIGMA(TOTAL)p ? P ! ± ± * P * * * * 3* 
POSITION OF SIGMACGG). . . * . * . a . . a . 14 
THEORY(o/IREGULAR/ADJOINT)I, ± ± P * ± , , , 0 
ul OPTIONS
Io 
CODE FORMAT OUTPUT(O/IANISN/DOT) * . * . a 0 
BUCKLING OPTIONO/I/2/3/4,NO/GRI/GD/MDGMO) . . . I 
INPUT OPTION(P491/-2t2/233ORC/CtI&/Cl6tl9 ) * * . 2 
OUTPUT TAPE uPTIONO/1I5OUP INDEP./GRouP DEP,) * 1 
PUNCHEO OUTPUTCO/INO/GROUP oEP.-YES) . a * a 0 
LAULLING GOTION(O/1,NO/YLS1 o s *o # s 0 
CORE MEMORY ALLOCATIONEo/loGROUP DEP*/GROUP IND,) * 1 
CORE MEMORY LOCATIONS NEEDED . * ? 3745 
MAXI4UM CORE MEMORY ALLOCAIED(iNUT VALUEi) *. . o 30000 
2* ARRAY 3 ENTRIES READ
 
3s ARRAY 2 ENTRIES READ
 
4S ARRAY 8ENTRIES READ
 
5S ARRAY 8 ENTRIES READ
 
6* ARRAY a ENTRIES READ
 




TABLE 5-4 (Continued) 
TRANSVERSE LEAKAGE DATA
 








TABLE 5-4 (Continued) 
MIXING TABLE DATA AND DATA SOURCE(-/O/ .1/CAROS/16 
NO, MIX. NO# COMP, NO, DENSITY DATA SOURCE 
1 7 0 0 '120 
2 7 1 3,70000E-03 121 
3 7751 3 6.00000E'024.10000Ew03 620621 
5 0 0 "3520 
6 2 3.70000E-03 3521 
1 8 4 6,00000E'02 
B 8 6 4410000F-03 
CA) 
TABLE 5-4 (Continued) 
CROSS SECTION SET NO.m 120 ALUMINUM 	 po CORE EDGE
 
PUS. GRP. I oR. 2 GRP. 3 GRP. 4 GAP, S GRP. B GRP, 7 GRP6 8 
I 1.50b6oE-01 7.51300E-02 2.99000E-02 9,92000E-04 2,960O0E-03 t13000g-04 ?.7S09E6e 4.*1237go4 
2 a. , 0O O. 0o 00 Of O 
3 1.77742E0O0 1,88442E+00 1,9 1892E*00 2,12169E*00 2,41494E*00 3.1B115*0 3.07461Eoo 3.37416E00 
4 o' 0. 0. 0. 0. 0. 
PaS. 5 THAU PaS. t3 SAME AS ABOVE 
-i-0
 
14 6.6041OFlO 1 8,5208SE-ol 9.59144E-01' 1.13418E*00 1,47167E*00 2*28107E*00 2.57392Eoo 282|8E*00
 
15 a. " 9.64093E-02 1.37203E-01 1,59873E-01 4.9758?E-01 6;60314t-01 7.502?OE-0 309B331E-01
 
16 0. 0, 2.OOOOOE-Oa 3,00000E-02 3:00000E-02 T.O00O0-02 9,000OE0-o2 6.00000E-02
 
17 0. 0. 0. 3.OOOOOE-02 6.OOOOOE-02 t.000o0e0 2.OOOOOE-ol 1.100o0E6.1
 
is a. 0. 0. a. 7.00000E-02 9.000004-02 1.0OOOE-O1 1.20000E-01
 
19 0. 0. 0o 0. 0. 100000-01 2.10000E-o1 1,900OOE01

.20 01 0. 0. 0. 
 0. 0. 2*30000E-01 1800OOE-01
 
21 a, 0. 0. 0. 00 O. 00 2,000OOE-01
 
22 a. 0. 0. 0 0. 0! 00 0.
 
POS. 23 THRU PoS. 34 SAME AS ABOVE
 
PoS. GRP. 9 GRp. lo GRP. 11 GRP. 12 GRP, 13 Gpi 14 GRP. Is ORPl, 16,
 
1 4.T8944E-04 1,90831E-03 3.41203E-03 5.60469E-03 5.3229SE-03 2182§5E-03 1*11?39E-03 2.07944E03
 
. ~a ,, a 	 O , ,O 0,O 

(4 0 .0. 	 0. 0. 0. 0. 0 
3 4,09855E+0O 4.59892E*00 5,01087E*00 4#58998E*00 1,40339E#00 i;4aioaE*oo 10A112E4oo 1.4120SE400 
L 4 0. Of 0. 0. 0 0. 0. 
Pos. 5 THRU POS. 13 SAME AS ABOVE 
14 3,71004E.O0 4 343?7E00 4.68466E+00 4.51761E.00 1.25277E*00 132132E400 1±334V8Eoo 1.33905E*0o0 
15 4.bB890E:Ol 3.88o31E-01 2.5 3043E-01 3,22798E-01 6.671OE-02 t4a291-ol .!7'7-E-o2 7.52249E02
 
16 1.01989E-01 9.50549E-02 O Do 0 0. 0 0.
 
17 5.000OOE-02 00 0. O. ot 0! O 0.
 
18 1.40000O-01 4.OOOOOE-02 0. 0. 0 O 0! 0.
 
19 6,00000E-02 4.00000E-02 0. O 0. 0; O 0. 
20 2.30000E-01 3.O0000E-0Z O. 0. 0. 0; 0. 0. 
21 2OOOOE-01 7.OOOOOE-02 O 0. 0.4 0; 0i 
22 1.BbOo00-01 5.00000E-02 0. 0. 0. O; 0 0. 
23 a. 4.O0000E-02 0, 0. 0. 0.; 0. 
4 	 0. 0. 0. 0 0. 0. 0. 
Pob. es THRU Pas. 34 SAME AS ABOVE 
Pos. GRP* 17 GRP. 18 GRP. 19 GRP. 20 GRP. 21 GRPI 22 GAP. 23 GRPi. 24. 
1 3.39430E-03 4.350ooE-03 5.1S60OO-03 .5oo0oE-0 6 40000E-03' 7,30000g-03 8,2000E.03 9,30000Eh03 
20" 0. 00. ., 0.O; 0. 0, 
3 1,A134I0E00 1,41435E+00 1,41515E*00 1,41550E+00 1;41640E*00 1;41730p+00 1.4182E*O0 1.41930E1.00 
4 	0. O. 0. 0. 0. 6! O. 0.
 
PUS. 5 THRU Post 13 SAME AS ABOVE
 
14 1.27942E+00 1.002U6E*00 1:00206E*00 1O22E0oo 10002066.00 1.00206E+00 100206Eoo 1900206E#00
 
15 7.09517E-02 1.30584E-01 4.07943E-01 4.07943E-01 4,07943E-02 4iO?429-O1 4.07943E-01 4#07942E60 1
 
16 0. 0. 0. 0. 0. 06. 0O O.f3 
TABLE 5-4 (Continued) 



































4 0. . 0. O 0. 0! 0. O. 

































































Pose 5 THR) Pos. 13 SAME AS ABOVE 
14 1.4O000E4O6 1.400OE400 1.40000E*0O 1.40000E400 1140000E'00 i*4oooo*O 1.4000E400 1.o000g*oo 
15 4.97943E-01 0, 0. 0.Of 0 o 0. 0. 
I 16 0. 0. 0. 0 0o' 0. 0. 0. 
. Pose 17 THRU Pose 34 SAME AS ABOVE 
Pos. GRP. 41 GRP. 42 GRP 43 GRP. 44 GAP. 45 GRPle 4§ GRP* 47 SAP. 48 
1 ?.b754E-02 8.51T1OE-02 9.63245E-O2 1,07834E-01 1,20315E-0I 1,3690g-01 1,59815E.O1 1,88574E61 
2 o. 01 0.' 0.0 0;" 0O. 
3 1.47574E400 1.48517E*oo 1*49632E*00 
4, A.a0. 











14 1.40000E+00 0. O0oOE*O0400 O OOOE*O0 1.40000EsO0 14000EO0 1.40000400 -#O000E4o0 1O,00P00" 
15 o. 0, 0. 0. 0. 0.- 0. 0. 
Pose 16 THRU Pose 34 SAME AS ABOVE 
Pose GRP, 49 GRP. so GRP. 51 GRP. 52 
1 2.201OOE-01 2,93559E-01 4.20619E-01 6,05651E-01 
2 0. 01 0. O 
3 1.62010E400 1.69356Et00 1.82062E+00 2.00565E 00 
4 0. 0. 0. 09 
14 
Pose 5 THRU POS. 13 SAME AS ABOVE /
1.40000E400 1,400bOEtOO 1.OOOQE*O0' 1.40000E+O0 
15 0. 0. 0. 0. 
Pos. 16 THRU POS. 34 SAME AS ABOVE 
TABLE 5-4 (Continued) 
CROSS SECTION SET NO u 121 ALUMINUM 	 P1 CORE EDGE
 
Pose GRP. I GRP. 2 GRP. 3 GRPe .4 GRP, 5 GAPN b GRP, 1 ORP. &,
 
1 	0. 0. O . 0 . Ot 0! 0i 0*
 
Pos. 2 THRU Post 13 SAME AS ABOVE
 




O 0 0. o, 0,' 0.
 
15 	 0. -4928527E-02 -4.37885E-02 -T76246E-03 -9.22028E-02 "'l5949 

16 	 0. 0. 




Pos. GRP. 9 GRP. 10 GRP. 11 GRP. 12 GRP. 13 GRP!, 1 GRP. 15 GRP 16.
 
0. 0. 0, 0 09
0. 0, 0. 

Pose 2 THRU POSe 13 SAME AS ABOVE
 
14 2.75602E.O0 1.02096E+00 1,02226E*0 -7,27167E-01 2.07329E:0 1.,86906E:01 143946E6ol 2.42439E01
 
1S -8.08015-02 -2#80794E-01 -2,55192E-01 -2,43623E-01 -5#71722E 02 -1;31357t O1 -7-7344.1E-02 -3.93BIS-O.
 
16 O. 0. 0., 0. O 0 0" 0.
 
Pos. 17 THRU POSt 34 SAME AS ABOVE
 
Pos. GRP. 17 GRp. 18 GRP, 19 GRP. 20 GRP. 21 GRP. 22 GRP, 23 GRP. 24
 
0. 0. 0 00 0.
1 	0. 0. 0.




14 2.30881E-01 _4921IE-01 4.92111E-01' 4.921IIE-01 4.92111E-01 4,921119-01 4.9211E-o1 4.9211E0o
 
S1 1.37886E-01 4.262?0E-01 "3.87561E'01 -3,87514E'0l -3.87561eo1 -3 87534E6l 308!5l'oI -3.87534E.0I
 0. 0, 00. O0 0 0*
16 	 0, 0' 

Pose 17 THRU Pos. 34 SAME AS ABOVE
 
POSe GRP* 25 GRP, 26 GRP. 27 GRP. 28 GRP, 29 GRP. 30 QRP 31 6RP6 32
 
1 	0. 0. 0. 0. 0 Ot 0! 0
 
Pos. 2 THRU Pose 13 SAME AS ABOVE 499211E1EO 4o92IIIE-O1 499211JE601 Ae92.111E6ol
10 4,92111ErOl 4.921IlE-01 4,92111E-01' 	4.92111E-01 

3.87561E-01 -3t87S34E'O1 "-8j;S1i45-o -3;s81Sa-O 3.8156E601
15 	-3.*7534E-O1 -3j8748§E-01 -3.87561E-01 ­
16 	 O. 0. 0. 0. 0.- Os
 
POSe 17 THRU Pos. 34 SAME AS ABOVE
 
GRP, 37 GRP 3§ GRP, 39 GRP6 40
Pose GRP. 33 GRP, 34 GRP. 35 GRP. 36 

1 	 . 0. o 0 0. 0 0O
 
PuS. 2 THRU Pos± 14 SAME AS ABOVE
 
15 	-3.87570E-01 0. 0. 0. 0 OF 0. 00
 
16 	 0. 0. 0. 0 0. 0. o00 0.
 
Pos. 17 THRU POS. 34 SAME AS ABOVE.
 
P.RP. 41 GRP. 42 GRP.. 43 RP, 44 GRP, 4S GRP, 4§ @RP. 41 GRP 4B
 
1 ~0. 0. 0 s 0 06 0.
 
POSe 2 THRU Pose 34 SAME AS ABOVE
 
Post GRP. 49 GRP. 50 GRP. 51 GRP. 52
 
1 0. 0. 0. 0. 	 O.
 
TABLE 5-4 (Continued) 




TAB LE 5-4 (Continued) 
CROSS SECTION SET NOem 620 CARBON, 296 DEe K P0 CORE EDGE
 
POo GRP* I ORP. 2 aRP 3 GRP, .4 GAP. S GRP'. t GRP, 7 GRP4 B
 
I 4#Bh130E-02 2.8100E.03 O 0. 0! O* 0 O*
 
2 0. O. 0O GO 0. 0. 0. 0.
 
3 h.33471E#0 116536E900 1l19615E+00 1.88253E*00 2.O1SOOE*00 1.659669 0 1.93662E00 2960744E00
 
4 0. 0. 0O 0. 	 0 0.
 
POSe 5 THRU POS. 13 SAME AS ABOVE 
14 5.7011oE-01 4o82040E-o1 5.34910E-01 9,08220E-01 821090E'-01 !.39190-o1 1,30669Eo0 1.78404E*0o0 
is o. 3174BOE-01 3.43450E-01 5.524J10E-01 8.02360E-01 1.0'140~0o0 1'o0267E#o0 6.30024E.01 
36 	 0. * 01 3,90460E-O2 5,1826OE-02 1.67310E-02 1471950E 01 1.455OE-o1 O 
17 	 0. 0. 0. 1.25586E-01 Go 0. 0. 0.
 
1 	 o. 0. 0 O 151049E'01 B,03257E-02 0; 0.
 
19 	 0. 01 0. 0. O! !d79267! 02 I;4887TE-01 4*5576SE602
 
20 	 0. 0. O O. 0. 0 1:11032E-03 5.59595E-02
 
1 O 0. o. 0o 0. 0! O. 2"63B3SE-03
 
22 0, 00. 0, O. O. O 0. O*
 
Pos. 23 THRU POS5 34 SAME AS ABOVE
 
Pos. GRP. 9 " GRP@ 10 GRP. 11 GRP. 12 GRP. 13 GRP)* 1t GRP* 15 GRP. 16
 
1 0. 0. 0. 7.26145E-07 B.71029E-06 1'023926-05 1;75929E605 3.32A32EI-05
 
2 '.0 ., 0 0' 0. 0. 0.
 
3 3.27284EB 0O 4.03317E'O0 4,57197E#00 4,59433E+O0 4,66794E*o0 4 8693B6EO0 4,705109'+00 4s709BOEO0
 
00.. 0.6 O. 0! 0 .
 
PUSt. 9 THRU POS# 13 SAME AS ABOVE
 
14 2,58174E400 3,54330E+00 '3.86318E00 3.3SEOO 9 5E00 3.9308 *00 41SS99E'.oo 4.1906E 00
 
15 8.23402E-01 6 ,91103E-01 4:8?SOE-01 T.OSTS4E-01 lt06082E-O1 ?.133541-01 T7lO77tE-ol 5.49292E.01
 
16 	 0. 0. 0. O Of 6; 0. 0.
 
Pos. 17 THRU POS 19 SAME AS ABOVE
 
20 3.60374E02 0. . 0. Of 0 0. 0.
 
21 0. 9.75605E-03 0. 0. O. 0; 0. 0.
 
22 1.0085SE-03 0. 6.63815E-04 o, 0. 0. 0. 0O
 
23 o. 2.20833E-O4 o. 3.44141E-05 O 0. 0. O.
 
24 0. 0. 0. 0. 7.25406E06 0. 0. 0.
 
25 . . o. . O, Z*153i1-06 O. 0.
 
26 o. 0. 0. o. 0. 0. ?.690O 0.
 
27 0. 0 	 . 0! 0 O 0.
 
POS. 28 THRU Pose 34 SAME AS ABOVE
 
POS, GRP& 17 GRP, 18 GRP* 19 GRP. 20 GRP. 21 GRP, 22 GRP, 23 GRP. 24­
1 5.61586E-05 7.2O000E-0 8.OOooE-05 "9.00OOOE-OS 10oooE0o4 1.1Bo00 -o ltiDooEo4 1.Booo004
 
O. O, O. O. 0. 0. 0. 0.
 




POS. 5 THRU POS 13 SAME AS ABOVE
 
14 3.75677E.0o 1,907E400 "1,91760E#00 1,90990E+O0 I.90340E#O0 1.913209*00 1.91020E40O 1090830t.0 .
 
4 	 . O Oo O 0. 




























GRP* 25 GRp, 26 GRP, 27 
1.61OOE-04 1.95000E-04 2.1700?E-04 
o, 0, 0. 
4.71016E+00 4.71013E*00 4.7102AE*O0 
a.0  0. 






























1.91450E400 I91160E+00 1*910O0E 002.6240E*00 2.62150E+00 2.62530E+00 
170oooE-01 1,76890E-01 1,74000E-01 
0. 0. 0 0 

























GRP, 33 GRP* 34 
4.11?34E-04 4,45918E-04 
0. 0. 
4.85061E*O .4,5833 8E00 

























































9 4.53793E-21 4.41019E-23 1.22526E-20 
10 1.9905aE-14 4.38833E-15 1.19211E-17 
I1 4.73820E-11 3.?8730E-o9 1,71215E-10 
12 4.64071tE-07 4,65262E-06 4,l1s8sE-05
13 6.12404E-03 2,39127E-02 3.72445E-02 
14 1.77351E*00 1,68789E+00 1.74869E.00 
15 1.71264E+00 1.94428E400 1.913.8E*O jb 1,58472E-01 8.51640E-01 9.11447E-01 
17 a. 2.736?1E-02 1.99360E-01 
18 0. 0. ".7il24E-03 
19 0, 0. 0. 
?0 0. 0, O. 
21 o. 0, 00 
22 O. 0, 00 






















































































































































































15 8.9776,aE-Ol 5 42190E-01 5.40068E-0l 2,84301E-01 3.23310E-0 2.70986E-01 2.10545E-0o B.97588E.a2 
16 4.60238E-01 
































































24 a.0  O. 9,68671E-18 2.8533oE-16 3.28967E-14 2*0S3IE 13 9.73331E-oV 2.42480E-04 



















L128 o. a.0 0. O. a.. 0! 4,52554t-25 7,41046E-23 
29 o. a. 0.O 0. O6 O. 1.66775E-27 
30 0. 0. 0. O 0* 0. 0. 0. 
Pose 31 THRU POS 34 SAME AS ABOVE 












? 5.O8886E400 4.56780E0o0 4e.35369EO00 3.82814E*00 
4 0. 0. 0, 0. 
Pos. 5 THRU POse 10 SAME AS ABOVE 
11 4.S3810E-02 O* 0.' 0. 











15 1.34039E-02 5.2538SE-02 1.03993E-02 5.2oE8OE-03 
16 5.027STE-02 4.50117E-02 1,05622E-02 6.66386E-03 
17 2,87823E-02 2.38457E'02 6.39567EQ03 5.39514E-03 
18 231340E02 2.04414E-02 4.62134E03 3,46095E'03 
19 1.60776E-02 1.37941E-O 4.07935E03. 3.13181E'03 











24 1'.25883E-03 1.14395E-03 7.02662E-04 1.4356BE-03 
on 



















































TABLE 5-4 (Continued) 
CROSS SECTION SET NO.. 621 CARBON# 296 OEQ. K Pi CORE ED9E 
POS, RP. 1 GAP, 2 GRP. 3 GAP, A GRP. 5 ORP 6 GRP, V GRP 8
 
1 o. O. O. o0 0! Oa O1 O.
 
PoS. 2 THRU POSt 13 SAME AS ABOVE
 
14 1.6730E*0O 1.04940E+00 1.16360E00" 1.90360E*00 184810E+00 I1.10tBoEo0 .Ot799E*00 1.56773Eo0p
 
15 o. 4,929 E-02 -2942390E-01 -3,25120E-01 -7.39SB0E-0 --1.288201*00 -1.1126.EbOO -4.5?O00E-01
 
16 06 0. -9.96640E-02 -1,.29650E-Oi -3.92600E-02 -4;42330E-01 - .6OoOEol 0.
 
1? 	 0. 0, 0. 0. 0. 0. 0. O
 
POS. ,18 THRU POS 34 SAME AS ABOVE
 
Pose GRP* 9 GRP. 10 GRP, 11 GRP. 12 GAP, 13 GRP[. 4 GRP, 15 ORP6 I6.
 
1 O. 0. . 0. 0. 0* 0
 
Pos. 2 THRU POS. 13 SAME AS ABOVE
 
14 i.58327E*00 1,297 66E#00 1,35493E*00" 1.34775E*O0 _1.3584OEOO 1.32252E#00 1.*OTO1E00 1968109E100
 
15 -9.64956E-01 -4.92884E-01 -3.71120E-01 -5.8294T7E01 -5.82279E-01 *80535E-01 -5!403179601 -2,8691E01
 
16 a. 0. 0. 0. O 0. 0. 0.
 
P05 17 THRU POS. 34 SAME AS ABOVE
 
Pos GRPQ 17 GRP, 18 GRP! 19 oRP. 20 GRP. 21 6RP. 22 GRP, 23 GAP 24
 
1 	0. 0. O. 0. O 0! 0. 0.
 
PoS. 2 THRU POS. 13 SAME AS ABOVE
 
14 1.656 30E*00 2.995'OE+0o 2.97190E+00 2.98900E*00 3,00350E*00 2.9817oE*00 2*98B40Ei0 0 2.99250E00
 
15 -8.96136L-01 -7.335 28E-01 -1.76410E0O0 -1.7T8OEoO0 -1.78970E+00 17;8250E.00 -1;76730E.00 -1,77800E00
 
16 0. 0. I.37783EO1 -4.4596CE-01 -428820E-01 -4'142801-01 .4.36030E-o -4,29480E-01
 
17 0, 0. 00 0. 0.
O. . 0. 

Po5 Is THRU POSe 34 SAME AS ABOVE
 
poS. GRP. 25 GRp. 26 GAP. 27 GRP. 28 GRp, 29 ORP6 30 GRP, 31 GRP. 32,
 
1 	0. 0. 0. 0. 1 01 0.' 0of
 
Pos. 2 THRU POS 13 SAME AS ABOVE
 
14 2.9787E400 2.9R520E400 2.9873oE.00 3.OOOOE+00 .2.97630E+00 2.9899OE+00 3OOoOE oo 2.Q5SIOEioo
 
15 -i.l6BSoE*O0 -1.76110E00 -1.76970E.0C .1.78450E.00 -1;77360EO0 -1;76350gs00 -I.78720ooo -1.75230E*oo
 
16 -4.25330E-01 -4.39o7OE-01 -4.3601oE-O1 -4*.30520E-01 -4!-17810E.01 -4415ot-O1 -4.27870E-ol -4.17760E601
 
17 	 0, 0. 0. 0. 0. 0. 0. 0.
 
PoS. 18 THRU PoSe 34 SAME AS ABOVE
 
pos. GRP. 33 GRp. 34 GRP. 35 GRP, 36 GRP, 37 GRpI, 38 GRP. 39. ORP. 40
 
1 	0. 0. O 0. 0 0 0! 0.3 SAME AS ABOVE
Pos. 2 THRU Pag. 
4 -1.03171E-46O -9,4333E'35 :1.83703E-e9-8.26378E-2T -2,60579E-15 -1.1B9Q6&PO8 -7.32993E-07 -2.26453E-ob 
5 -2.70538E-38 -1.43611E-32 3.3O666E-28 -1.73954E-25 -4.42273E-14 -3;o2155E-O8 -l122496E-06 -3.977'4Eo0 I 
-b -2,47806E-35 -2.12000E-30 -3.02827E-2t -2,58341E-24 -1.58127E-13 -S39'124e-0B 27?o85E.06 -6,94809E-06
 
7 -a29228 1E-33 -9.27848E-28 -2.8S238E-24 -1.71293E-22 -2.70212E-13 -2;S659E-07 -8.o4292E.06 -1,76121E-05
 
S-1,372.iF-2 9 -6.99727E-26 -6,98544E-22 -6,46301E-20 -1,85771E-12 -6;41452E-07 :2.37350E05 6,04649E-05 ­
9 -1.6S042E-20 -1.25703E-22 -3@67296E-20 -3.2328SE-17 -1;54238E-11 -3;I6628t'-O -7,41064E-05 -1.70002E-04
 
10 -4.25299L-14 -8.90688E-15 -301869E-17 -2.34055E-15 -2.78644E-10 -2.3B636 .05 335623E-04 -3,86895E604 o
 
iF 
TABLE 5-4 (Continued) 
1i-8.14889E-11 -5.64749E-09 -2.S93TSE-lO -4.62293E-13 -3.55665E09 -2.8044E-04 -l.86344E-o3 -1.49,100E03 
12 "3,48554L0T "3:17992E06 -2:07133E:05 -2:31188E-07 -1.87409E-07 "20324.303 -1.7132?E-02 "831330E603 
13 5,38 829E-03 2.667 86E-02 3.49163E-02 1.54230E-02 1.32396E-03 -3,85277e:02 -1,20327E-O1 .8,43774E602
 
14 2.99309E+00 2.31920E+00 2,21831E*00 2*06035E400 1.99672E*00 i;53922E 00 1.71S24Eo00 1.BB768E+o0
 
15 -4.Z9657E-01 3,70999E-02 -8.68152E-u2 q.97229E-02 -1.64665E-01 "1.19234!*00 -5.1746SE-o a3.1811FE0O
 
16 -3.7664t-O1 -1.25020E+00 -1,16764E+00 -8.51153E-01 -1.39552E+00 -6431420-01 -9.8070TE-02 -1.39815E-01
 
8
.02837E-02 -4.35010E-01 -3.50342E-01 -5.57638E-01 -1;63570E-01 -5*81046E-o3 -1.36672E-02
1T 	 0. ­
16 
 0. 0. - -5.67105E-03 .4&91315E-02 -8.86?82E-02 -1:48877E-02 -1,41991E.04 .9b09E604 
19 o. 0 0. -1.38953E-04 -6;09666E.03 -5.34438a- 04 -1;98043E-06 -1,76202E-06 
20 	 0. O 0# 09 -4!3766#E-O6 -s3080g-06 -8:60541E-09 -1.16566E-0B
 
21 0. 0. o O! 0. 0. -2.11379E-11
 
22 o. 0 0. 0 0! 0. 0. Do
 
PoSe 23 THRU Pose 34 SAME AS ABOVE
 
Pos. GHP. 41 GRP, 42 GRP, 43 GRP* 44 GRP. 45 GRPt. 46 GRP. 4? sRP. 48
 
1 	0. TR 0. 0. a! Of 0. 0.
 
poS. 2 THRU Pose 3 SAME AS ABOVE
 
4 -3.94191E:05 -2.064L0E-04 0, 0, 00 0. 0. 0.
 
5 -6.68458L-05 -2.47539E-04 -1.02009E-03 0. O0 0. O 0.
 
6 -1.2227oE-04 -J.36332E-04 -1,18692E-03 -1,53104E-03 0. 0 0' 0.
 
7 -1.Y5556E-04 -S,1R351E-04 -1.?70?1E-03 -177326E-03 -2;62185E-03 0; 0 .00
 
8 -3.?1276E-04 -8,1788bE-04 -2.71091E-03 -2.29141E-03 -3.49049E-03 -6;8794,F-03 0. 0,

'V 9 -8,89017E-04-1.7039E-03 -4,05009E-03 -3,94116E-03 -5.5456BE-03 -8.9979fl!03 1-S86e3E-02 O 
10 2.17000E-03 :4.02333E-03 -8.48353E-03 -6.5922BE-03 :1.04786E'02 -1.42o6E02 -1.812.76E-02 -1,32547E02 
9 s -180048E-02 226314E-02 .2.88572E02 -1,79684E-0211 -5.12234E-03 - .980?3E-03 -2.'3547E-02 -1,62612E-0 

12 :2.17769E-o2 -2.7194iE-Oa -6.48015E-02 -4,20746E-02 -3u77718E-02 -3.9?90Et02 -6.5109'lE-o2 -3.57235E-02
 
13 -1.454 26L-O1 -1.34052E-01 -2 03395E-01 -1.50271E-01 -1.39153E-01 -1;21311t01 -1.22992E-ol -5,75697E6.02
 
14 1.55546E+00 1.46988E.00 j1 7 28E+00 1.16347E+00 1"09327E+o0 4.93014E Ol 3;18751E-01 3.o6004E-0
 
15 -5.47935E-O1 -3.76411E-01 -3.99214E-01 -2.22096E-01 -2.55456E-01 -2;239i7T-ol -1.79214E.01 -7.63062E-02
 
0b 
 3.54462 '01 -2.2554 2E-01 -2.17668E'01 -1.13066E:01 :1:30984E-01 -1.22677E'01 -9,53764E-02 -3,78705E02
 
17 -1.29143E-01 -1.59o42E-01 -1.51312E-01 -7.17746E-02 -7.5507E-02 -8.25265E-02 :7 37863E-02 -2,95087E-02
 
18 -8*08703E-03 -4 .11959E-02 -9.80172E-02 -5,43108E-02 -5#35367E-02 -5;26875E-02 -459152E-02 -I.936TOE-02
 
19 -L80336E:05 -1.88292E03 -1.99438F:02 -2 73741E-02 -4.09764E-02 -3.83207E-02 .3,40844E-02 -1.43996E 02
 
20 -2.0519E-07 -2.8952SE-o7 -76 9 76E O -516864E-03 -1.63060E-02 -2.36Q11E-02 -2,48733E-02 -1.04856E-02
 
21 -L.00223E-09 -. 10825E-0 9 -7.25225E-09 -1.63529E-04 -3.1491fE-03 -9.62383E-03 -1,08990E-o2 -7,77457E-03
 
?I -1.1754?F-12 1.05102E-11 -1.58615E-10 -1,65002E-10 -1.0930qE-04 -1.72266t'03 -5.30010E-03 -2,830O1E-03
 
?S . -b.14471E-15 -2,57989E-13 -2.62999E-12 -1.92913E-11 -3;79651E-05 -B;60777E-04 1,51970E,-03 
24 n. 0, -8,69370E-17 -2,58541E-15 -2.54292E-13 -1;53030E-12 -2,8236-7E-06 -1,82867E-4 
25 o. 0, 0. -4.67584E-19 -1.86021E-16 -1.61663E:14 -729574E-14 -1,15411E-17 
26 0. 0 0. 0. -2.35319E-20 -8.38600E 18 -5.95B8oE.16 -l.42,12T?1is 
21' . 0. '0. 0. "6.99669E22 "2.0795E-19 -8,61912E,-18 
28 Do 0. Of 0. 0. 0. -1907599E-23 -1.90145E21 
a9 0. . 0. 0. 0. 0., -5,63169E626 
30 	 0. 0. 0. O. 0. a. o 0#
 
PO5 31 THRU POSe 34 SAME AS ABOVE
 
Po5. GRP, 49 GRP. 50 GRP, 51 GRP. 52
 
TABLE 5-4 (Continued) 
1 0, 0. 0. 04 
Post 2 THRU Post 10 SAME AS ABOVE
 
11 -2.43313E-02 G. 0. 0.
 
12 -3.34186E-02 -3.23039E'02 O. O.
 
13 -4.6699E-02 -3.46165E-02 -7.51416E-03 O.
 
14 -8,54049E-01 -i.03779E+00 "1.00021E*00 -1.81687E+00
 
1s -6.06087E-02 -4.33278E-02 -8.26922E-03 .3.O382E-03
 
16 -4.1552S-02 -3.52256E-02 -7.50909E'03 -4,00943E-03
 
17 "2.31201k-02 -1.77136E-02 -o*25975E'03
-2481175E-03
 
Is -1.777fo01-02 -1.374 96E-02 -2.7003SE-03 -1.62679E-03
 
19 -1,20816E-02 -9.07906E-03 -2.04683E-03 -1,23560E-03
 
20 -1.00431E-02 -6.79009E-03 -1.36243E"03 -8,12773E-04
 
21 -7.10942E-03 -6.14580E-03 -1.2696AE-03 -5.28579E-04
 
22 -4.84128E-03 -4,51368E-03 -994420E-04 -5.66562E-04
 
23 :1.71331E-03 -2.45650E'03 -7.93682E-04 -4.39223E-04
 
24 -9.59665E-04 -9.32456E-04 -3.46045E-04 -3o43494E-04 
25 -. 42031-0 5 -5,40104E-04 -1,44402E-04 -1.38875E-04
 
26 0. -3,30957E-05 -8S9790E-05 -6.O08014E-05 
27 -1.30571E-16 O. -6.59677E-07 -3,64644E-05 
28 -6.51652E'19 -7.31617E-18 0. 6.69816E"08 
2 "1.07105E-22 -2.92237E-20 -6998846E'20 O. 
30 -2.22952E-27 -3.44683E-24 -2.02937E-2 -6.ZT944E-21 
31 q. -4.83985E-29 -1.48121E"26 -1.50937E-23 
32 o, 0. -1:16490E"31 -SB3483?E-28 
33 o. o 0. -4,72920E-33 
34 0. . O. 0. 
TABLE 5-4 (Continued) 







































































7 of. 0. 0. 4.72600Eo03 2.95970E:02 B01150E-02 3"OSBOE-01 4.81710E-0t 
18 Of O. 0. 0. 118210E-02 6129420E-02 3.6090E.o 5.20820E-01 
19 0. 0. 0. 0. 0 .1T660E 02 k.35430E-OI 5.18920E-01 
20 0. O. o. O. Of 0. 6.91780-02 2.90730E-01 
21 a. 0. 0. O. 0.! 0 0. 7.45710E;02 
22 O. 0. 0 Os Do 09. 0- O 
Post 23 THRU POSt 34 SAME AS ABOVE 
POS. GRP. 9. GRP, 10 GRP. 11 GRP. 12 GRP@ 13 GRP6 14 GRP. 15 GAP6 16 
1 1.344466*00 1.70506E00 2.31837E400 3.78252E600 B.53547E+00 7.401BT1EO0 1.26489E*0 2.35652E101 
U 2.96691E*00 3.43988E+00 4.32945E+00 6.75434E#00 1;02005E+01 1;24999CE01 2.0924E,01 3,9937E401 
3 7.b8b54E$0O 1.04588E+01 1.23122E*01 1.43415E.01 16035E.01 1;7902301 2;31493E*01 3.40656E601 
S 
POS S THRU POS 
O. 
13 SAME AS ABOVE 
o. 0.O; a. o. 
14 5,7002E*00 8:37999E+00 "9.87877E*00 1.04682E*0o 1.o4143E401 1.o0 52E*0 1.04347E*oi 1,04384E601 














































































































29 O. 0o 0. 0 6 0O.* 1#25321E-07 
30 0.POS. 0.31 TMRU POS.. 
0. 
34 SAME AS ABOVE 
0. 0. 0. O O9 
P0o GRP* 17 GRP. 18 GRP. 19 GRP, 20 GRP. 21 GRPr. 22 GRP. 23 GRP, 24 
1 3.30311E+01 2.7425BE401 T.46175E.01 5.09852E201 7.97733Eto1 6.20426E*o B.571EGE4ol 4.9342E'f01 
2 5.00043E,01 4.7306SE401 1.26572E+02 8.01334E#01 1015341E*02 1.03410*02 1;24229E*02 1#6601BE.01 
TABLE 5-4 (Continued) 
3 4.35315E4o0 3.l262E*01 9.16673E$01 6,22154E01 99S1929E*01 7.3212BE0) 9.8412IE.0I 5.97537E01 




PoS. 5 THRU Pos. 13 SAME AS ABOVE 
1.63863E401 1.01440E+01 1.6470oE401' 1,OB649E*o 
6,19940E-02 1.140?8E-01 3.56440E-01 5.78790E-01 




































































































PS. 49 THRU Pose 34 SAME AS ABOVE 
Pos. GRP. PS " GRP. 26 GRP. 27 
1 9.8692E#01 1.12B11E+02 3.08793E+01 
2 9.24914E+01 2.02613E+02 3.18601E*0l 
3 1.06729E+02 1.25431E+02 4.14594E.61 
4 0, 0. 0. 

























































PoSe 17 THRIU Pose 26 SAME AS ABOVE 
1,30648Ea-0 0. ". 
1.13784E-08 9,89200Ew09 O 
0. 8,80631E'09 7.53091E-09 
0. 0. 6.82588E-09 
n. 0, 0 
0, O. 0. 











































GRP. 35 GRp. 36 
679183E*01 9.90114Et*O 

















































Pose 16 TNRU Pose 34 SAME AS ABOVE 


































Pose 5 THRU Post 13 SAME AS ABOVE 
14 1.IO000E+01 1.1O0060E*o1 110000E+O1 11OOOOE01 1.1oDOOE4Ol 1.10000 01 1.10000E*01 i.iOOog.o 
15 0. 0. 0. 0. 0. 0 0 D. 
Pose , 16 THRU Pose 34 SAME AS ABOVE 
Pos. GRP. 49 GRP. 50 GRP. 51 GRP. 52 
1 6,84213E#02 9.22161E+02 1.35805E+03 2,05283E,03 
2 1j41748E*03 1,91o26E+03 2.81300E+03 4.25161E+03 
3 6.95213E+02 9,331Q1E*02 1,36905E*03 2.06383EO03 
4 qo- 0, 0. 0. 
Pos. 5 THRU Pose 13 SAME AS ABOVE 
14 1.10000E4O1 1.1000E00O 1.10000E+01 1.IOOOOE.01 
15 0. .0. 0. 0 
Pos. 16 HRU POS 3. SAME AS ABOVE 
.00, 
TABLE 5-4 (Continued) 
CROSS SECTION SET NO.s3521 URANIUM-235 	 Pi CORE EDGE
 
PoS. GRP* I GRP. 2 GRPe 3 GRP. 4 GRP. S GRP),* GRP, 7 aRP. 8
 
1 aO 0. Of 0. 0! 0. Of 0.
 
Pos. 2 THRU POS 13 SAME AS ABOVE
 
14 9.8O68oEt00 1.178zoE*O 1,67880E+01 2.043SoE+01 1.58160E*ol 1.27220E*01 6.39232E+00 5.22097E'.00
 
15 O* -2,16040E+00 -1.73550E*00 -3,57150E#00 -7;54020E*00 -5.01640E+00 -50660E+00 -9.54862E01
 
16 no O, 0. 0. O? 0. 0. 0.
 
P05. 17 THRU Pos. 34 SAME AS ABOVE
 
Pose GRP*, 9 GRP, 10 GRP. 11 GRP. 12 GRp. 13 GRp1 1* GRP* 15 RP. 16,
 
1 	0. 0. 0. 0 0 . 0. 0.
 
Po5 2 THRU Pos. 13 SAME AS ABOVE
 
14 4.93090E*OO 3,96814E000 3,22098E*O 1.45468E*G0 B538740E-01 j.55'49BE-01 1.22579E601 1*96453E-01
 
15 ,898E.00 -7!39719E-01 -1.80775E-01 -3,49622E-01 -1.73315E-01 .6;ets65s-02 6161623E-02 -3,32389E 02
 
16 	 0. 0. O. 0. Of 00 fO
 
PO5. 17 THRU Post 34 SAME AS ABOVE
 
GRP. 19 GRP. 20 GRP. 21 GRP6 22 GRP. 23 GRP 24.
PoS. GRP, af GRP. 18 

1 n, 0, 0. 0. 0. 0. 0 O0
 
POS, 2 THRU Pose 13 SAME AS ABOVE
 
1 1,95939E-01 3.90410E-01 6,76230E-01" 4,40720E-01 5.73340E-01 4.43020E'01 5.03700E.01 4,21210E601
 
-. 421504-01 .3.47990E-1 3.9550E601
1 	-1 07i14E-o1 -1.06599E-01 -3,01070E-01 -5.31170E-01 -3..517oE-01 
 O.
16 	 0. . 0* 0. 0. 0. 

Pose 17 THRU Pos. 34 SAME AS ABOVE
 
PuS. GRP, 25 GRP, 26 GRP, 27 GRP, 28 GRP, 29 GAP, 30 GRP, 31 QRP 32 
1 a. 0, 0. 0 0. 0! 0 0 
P05. 2 THRU Pos 13 SAME AS ABOVE 
14 	 4*7816E01 5o0S30E-01 3.4T790E-0" 4934290E-01 4a35030E'0 4,43460E:01 4,549*OE'0l 1,063SoE601
 
15 -3085oE-01 -3.68740E-1 -393160E-01 -307780E-01 -3.41130E01 -335480E 01 *3.4132Ot-01 -3.52000E-01
 
16 o' o 0C 9. O
0. O. t 

Pose 17 THRU POS 34 SAME AS ABOVE
 
Pos. GRP. 33 GRP, 34 GRP. 35 GRP. 36 GRP, 37 GRP. 38 GRP* 39 GRP. 40
 
1 	 0. 0. 0. 0 Oi 0. 0! O
 
Pose 2 THRU POs. 34 SAME AS ABOVE
 
Pos. GRP* 41 GRP, 42 GRP. 43 GRP. 44 GRP. 45 GRP 46 GRP, 7 GRP 48
 
1 a. 01 0. 0. 0 0**
 
P05 2 THRU PoS. 34 SAME AS ABOVE
 
P05O GRP. 49 GRP, 50 GRP. 5 GRP, 52 
1 a. 0 O. 06 
PUS, 2 !HR PoS. 34 SAME AS ABOVE a­
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP I 
Po. MAT* I MAT. 2 NAY, 3 
1 1,50600E-O1 4.6b4296E-o 4.8D13oE-02 
2 f. 0. 0. 
? h.77742E.00 0. 1.3471E+O0 
4 o. 0. 0. 
Pose 5 TMRU POS. 13 SAME AS ABOVE 
I| 6.604IoE-o 1.435!4E00 5-70110E-01 
15 0. Of 0. 






































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 2
 
Po5 MAT! I MAT. 2 MAT. 3 
1 7.51300E-02 5,75400E-01 2.86100E-03 
P 0. 0. O 
3 1,88442E#O0 0, 1,16536E+00 

4 o. 0. 0* 

PoSe 5 THRU POS. 13 SAME AS ABOVE
 
14 8.5208SE-01 1.769,9E 00 4.82040E-01 

1S 9.64093E-02 -4.28527E-O2 3.17840E-01 

16 a. 0. 0. 





















































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 3
 
POSe MAT. I MAT. 2 MAT. 3 MAT. 4 MAT. S MAT* 0 
I 2.99000E-02 6,.7143E-01 0, 2.6607E-01 1I86AOE#O0 494O5SO'.O0 
2 o, 0. O 0. 3.73511E+00 0. 
3 1.91892E*O0 0, 1.19615E#O0 0. 8010138E#00 0. 
4 0. 0. 0. 0. a. 0. 




I?720E-3E01 -4.378 85E-02 
5,34910E-01 .1,6360Et00 4,9329BE400 1.678BOg. 01 













Pos. 18 THRU Pos 35 SAME AS ABOVE 
Ln 



















TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 4
 
POS MAT. I NAT. 2 MAT* 3 MAT, 4 NAT. 5 MAT. 6 MAT* 7 MAT. 8
 
1 9.92000E-03 6.39276E'-01 0. 2,40563E-O1 1*25210E*o0 4*.as.?o0 59661BE-03 3.44e2of02
2 o. Of O. 0. 3.66097E*00bO " 1;50100E-02 O
 
3 2,12169E*O0 0, 1.88253E00 0. 8,68906E*00 o; 1*5?223E-01 0.
 
4 o. 0. o O. 0. 0. 
 0, 0.
 
Post 5 THRIB POS, 13 SAME AS ABOVE 
10 1.1418F400 2.01063E.00 9,08220E01 1.90360E.00 5,36573E*00 2.04350E*01 B.o6BQ2E-02 2.oS43?E-o115 1,b9B73E-O1 -7.76246E-03 5.52410E-01 -3,25120E-01 2.67629E-02 -3.57150I*00 3.384s59E-02 -3.41791ED-02
 
16 3.000OOE-02 0. 5.16260E-02 -1,29650E-01 9,85820E-03 0, 3.26D9BE.o3 -7,77900E6.03
 1t 	 3.00000E-O 0. 1,25586E-01 o 4.72600E-03 O; 7,66554E-03 O.
18 	 o' 0. 0. 0. O 0* O* 0O
 







TABLE 5-4 (Continued) 
CROSS SE'CTIONS FOR GROUP 5 
POS. MAT. I MAT. 2 MAT. 3 MAT. 4 MAT' U MAT. & MAT. 7 MTO S 
1 2.96000E-03 7,35319E-01 0, 6.43000E-02 130o940E#00 3,598'00 6.13793E-03 2.13381E-02 
2 0. 0. 3.594SOE00 o 1947374E-02 O
 
3 2.41494E*00 0, 2.01800+OO0 0. 832439E+O0 0 1i64904E-O 0.
 
40. 0. 0. 0 0. 0. 0. 0.
 
POS. 5 THRU Pos 13 SAME AS ABOVE '7
 
14 1.47167E+0 2.36545E+00 8,21090E-01 1984810E*00 4.95868E400 1,58160E+01 7504eOE02 1,8484E601
 
15 4.97587E-01 -9922028E-02 802360E-01 -7.39580e-01 5-53210E-02 -7?540201+00 5.02095E-02 -7,56308E'Ep
 
16 3O00000E-02 0 1673IOE-02 -3,92600E-02 3.2o300E-02 0. 1:246X1E-03 -2.35560EO3
 
iT 6.00000E02 O 0. 0. 2'95970E:02 0; 3;43348E-04 0.
 




Po5. 2n THRU Pose 35 SAME AS ABOVE
 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 6
 
POSe MAT* I MAT. 2 MAT* 3 MAT* 4 MAT. S MAT* B 

I 4.130006E-04 1.10545E 00 O. 2,18100E-02 1:3S960E400 2*jS19?*0O 

a 0. 0. O 0. 3,58538E+00 0. 
3 3.18175E#00 o. 1,65986E*00 0, 7,71465E00 0. 
' a. a 0. 0. 0. 0, 
Pos. 5 THRU POS. 13 SAME AS ABOVE
 
142 ,ZSloTE#O0 345767E*00 '6.39190E-01 1.17810E+00 4,34913E*00 1.27220 '01 

15 5.60,L.-01 -1.59402E-01 j.05140E*00 -I.28820E*00 8,01920E-02 -5;01640E00 

16 7.OOOOOE-02 0. 1.71950E01 -4.42330E-01 5*48480E-02 0. 

17 T.OOOOOE-02 0. O. 0. 8.01150E-02 0. 

1 9.OOOOOE-02 O 8#03257E-02 Oe 6,29420E:02 O 

19 1.00000E01 0. 7.79267E'02 0. 2.17660E 02 0. 

20 0. 0. 0. 0. 0. 0. 

Pos. 21 THRU.POSe 35 SAME AS ABOVE
 

























TABLE 5-4 (Contnued) 
CROSS SECTIONS FOR GROUP 7 
P05 MAT. 1 MAT, 2 MAT! 3 HAY, 4 MAT. S MATY' 6 MAT, 7 MAT. 8
 
I 3.78639E-04 9.94531E-01 0. 1.96996E-01 133630E*00 1.81246*00 6.27864E-03 2.2930TEP0C
 
2 O O. 0. 0. 3.35503E*00 O 1.37556E-02 O
3 3.07461E400 0. 1.93662E+00 0. 6.91584E*O0 O 1#56727E-01 O.
 
4 0. 0. 0. 0. 00 
 O 0. 0.
 
Post 5 THRU POS. 13 SAME AS ABOVE
 
14 2,57392E00 3,o727SE+00 l.3o659E0oo 1,04799E*00 407783E*00 6.39232e*00 10463BE61o oo00457E-01
 
15 7.50210E-01 -1*41313E-01 1,02067E*00 -1,11267E*00 2:27957E-O1 .5;066101+O0 6;49507E-02 -8B80541E.Op
 
16 9.OOOOoE-02 O. 
 14551OE-01 -3.60OOE-OI 2.33871E-01 0. 1 ob225'-02 -2.20200E-02
 
17 2.OOOOE-0o 0, 0. 0. 3;0650E:01 o; 1:99316E-03 0.
 
IB 1.80000E-01 0. 0 0. 3.60940E01 0; 2,14585E-03 O
 
19 2.10000E.01 0. 1,48877E01 0, 2.35430E-01 . 1,06749E-02 0.
 
20 	 2.30000E-Ol 0. 117032E-03 O 6.91780E-02 0, 1!20485E-03 
o.
 
,1 	0. O 0. 0. Do O Op 0.
 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP a 
Pos. MAT* I MAT. 2 MAT1 3 MAT. 4 
I 4.16237E-04 1,04110E*00 0. 3.34259E-01 
2 o. 06 O. 0. 
3 3.37416E+00 0. 2.60744E400 0. 
4 0. 0. 0. 0. 
Po5. 5 THRt POS. 13 SAME AS ABOVE 
14 2.B21BOF*O0 3.?o4iOE0oo 1.784o4E*oo* ).56773E',0O
1i 3.98334E-01 -8.91600E-02 6,30024E-01 -4.57000E-01 
16 6.OOOOOE-02 0. O 0,
17 1.1000E-OI 0. 0. Oo 
18 1.20000E-01 0, 0, 0 
I? 1.90000E-Oj O 4.55768E-02 0. 
20 1.O000E01 0, 5.59595E-02 0. 
21 2.00000E-O1 0, 2.6 3835E-03 0. 
2 0. 0. 0. 0 
Pos. 23 THRU POSt 35 SAME AS ABOVE 
































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 9
 
MAT 4 MAT. S MAT. MAT. I AT, 8
POSe HAT. I HAT, 2 MAT, 3 
 3.34446EO0 1.39704E.00 6.02628E-O3 3.05883E02
0. 3.63462E-01
1 4.78044E-04 B.2SO77E-01 








3 &.09585E+00 0. 
 D.
 o. 09Of0
4 0. a. 

Pos. S HRU Pose 13 SAME AS ABOVE
 4,93090*00 1#90239E-01 1.25410E-01
l.58327E*00 5.27002E*O0
14 	 3.7IO04+O0 2.75602E*O0 2.58174E*00 
 5;40335E-02 -3.86645E02
 
15 	 4.5689,O'01 -8.08ol5E-02 8.23402E'01 -5,64956E-01 7.16801E-01 1t088100 

0. 6,71776E-01 O 3.13164E-03 0.
 16 	 L.01989E-01; 0. 0o 

0* T.43040E-01 0; 3.23146E-03 0,
0,
17 	 5.00000E02 0. 
 7.7SBOE-01 O 3,5010SE-03 0.




19 	 6.00000-02 O. 
 0, 6.02960E-01 0; S;4BSAE03 0o
3.60374E-Oa
20 	 2.30000.'-01 Os 
 3.02962E-01 0; 1,98173E-03 O
 21 	 2.O0000-01 0, Do Do 
3 	 i*05S3E-03 0.
?05170E-02 0O
1.0085SE-0 0.




23 	 0. 0 





TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 10
 
























Pose S THRU Pos. 
4,03317E*00 
0. 






























































24 0. 0. 0. 0. Ot 0. 0. Of 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 1)
 
POse HAT. I MAT, 
2 MAT, 3 MAT. 4 HAT. S 
 MAT, 6 MAT. 
7 MAT. B
I 3,412o3E-03 2,59546E-01 2.
57327E-01 2931837E*00 9.5?12
2 0. 01 -0o1 9,§o53E 03 2,0324IE02
0. 4.32945E*OO
SO1087E+00 0, 0. 1 TTSO7E-02 O
5?19E*00 
 0





POs. 5 THRU Pose 13 SAME AS ABOVE 0.




.55192E-01 3.2209BW O0 2B96salEwoi 90S2841E02
4.89878E-01 -3.T12OE-01




00 1.36469E-01i7 9* 0; 5.59522E-04 0.
o. 0.
 8.52791E-02 0;
18 0. 0. 3.49644E-04 0.
0. 0, 3;9OSSSE-02
19 0. O 06 0. 1,.601e9E-04 0,
0. 7.O5661E-02 o
20 0. 01 2.89321E-o O
0. 0. 
 5*80SOtE-02
21 o 0. 2,3800BE-04 0.
00 0, 
 00 4.67664E-02 Os
22 0. ,91742E-04 0.






24 4. O, 00 1,59395E-02 0., 6,53519E.o5 0., 0, 33200OE-03
25 a, O1 0 103644E-05 00, 01a O
0009 a;

Pose 26 THRU Pose 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 12
 
POS. MAT. I MAT. 2 MA!. 3 MAT. 4 MAT. S MAT. 6 MATe 7 MAT. S
 
1 5.60i69E-03 -2.61446E-01 7,24I45E-07 2,5515S-01 3.78252E*00 4.27123o1 1.58834E-02 1#60932E602
 
2 (. 0, 0. 0, 6 75434E+00 0. 2.76928E-02 0.
 
3 4,58998E+00 0. 4,59433E+00 0, 1.43415E+01 0 3.5179TE01 0*
 
4 	 . 0.0 0* 0. 0. 0! 0 0. 
POSe 5 HRU POS. 13 SAME AS ABOVE 
14 4.51761E600 -7.2716TE-01 3,88825E+00 1.34775E00 1.04682E+01 1.45468E*00 2.92930E-01 8*41384E-02 
15 3.2279pE-01 -2.43623E-01 7,08784E-01 -5,82947E-01 1.12389E-01 -3;49622£-01 4.41822E-02 -3.7311TEW02 
16 n0, o. a. 4.41546E-02 0. 1.81034E-o4 0 
17 a. 0. Oi O 3.10663E'02 0; 1.27372E-04 0. 
0. 0. 0 1.386SE-02 O 5.68115E-05 0.
is 

0. 0. 0. 6,2S47E-03 at 2.56446E-05 0.
19 	 a, 

20 0. 0. 0. 0. 1.1082?E-02 0. 4.54370E-05 0.
 
21 n. 0. 0. o. 8.95980E-03 0. 3.67352E-05 0.
 
22 	 O* 0* 0. 0. 7.10840E'03 0. 2,0j444E-S 0. 
23 	 (1. 0, 3,44141E-05 O 5.38004E_03 0; 2.4123oE-o5 o.
 
24 	 o. 0. 0. Of 2.36162E-03 o; 9'66264E-06 O,
 
P5 	 0. 0. 0. 0. 4.87901E'04 0. 2:O0039EO6 0.
 
26 	 0. 0, 0. 0. 0 O. 0e 00
 
POS. 27 THRU POS 35 SAME AS ABOVE
 
0 o 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 13
 
POS. MAT. I MAT. 2 MAT. 3 MAT. 4 MAT. 5 MAT' MAT. 7 MAT. B
 
1 5.32298E-03 2.53237E-02 8.71O29E-06 2.59288E-01 S53547EO0 1,S32?-01 2.367D3E-02 1.62960E'02
 
2 0. 0. 00 1.02005E*O1 0. 4.Ia2a9E602 0. 
3 1.40339E+00 0. 4.66794E*00 0. 1.035?E#01 0. 3.513.0E-01 O. 
0- 0. 
POS. 5 THRU POS. 13 SAME AS ABOVE
 
14 1.26277E00 2.073 9E-01 "3.95458E400" 1.35840E+00 1.04143E*01 5.3874C-01 2.4609E601 8.44*99E02
 
1S 6.6771,oL-02 -5.71722E-02 7.06082E-01 -5.82279E-01 9*01313E-02 -1;73315 -01 49B15E-02 -3.58689E602
 
16 O. 0. 0. 0. 2.55575E-03 0 1.04766E-05 0. 
17 a. 0. O. o. 8;60490E-03 O; 3.52801E-05 0. 
is 0. 0. 0. 0. 1913768E-02 O. 4.66461E-05 0. 
4 0 0. . 0 

19 n.- 0. O. 0. 3.95334E-03 0 1.62087E-05 0.
 
20 0. 0. 0. 0. 9.00946E-04 O 3.69385E-06 0.
 
21 0. 0. 0, 0. 1.58466E-03 0, 6.49711E.06 0,
 
2? O* 0. 0. 0. 1.27300E-03 O 5.21930E-06 O.
 
23 o. 0. 0 O* 1.00416E-03 0. 4,ITOl6E-06 0.
 
14 0, 0. 7.25406E-06 0o T.56231E-O4 0, 3.535T9E-06 0. 
25 a. 0. O. O. 3.30484E"- O4; 1.35498E06 0. 
26 0. 0. 0. 0. 6.8007IE-05O! 2.78829E-07 0.
 
21 0. 0, 0. 0. 0. Of 0. 0.
 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 14
 
POSe MAT. 1 MAT. 2 MAT. 3 MAT. A 
 MAT. 5 MAT. 6 MAT 7 MAT, B
I2.1B26st-03 3,6zo6E-02 1,02392E-05 2.60733E-01 7.4018TE*00 
2:97764-02 3,07o-019E2 1,59O12E602
2 0. 0 00. 0 1.24999E+01 O! 5.12495E-02 0.
 
3 1.42108E+O0 0. 4.69386E400 0, 1,79023E401 
 0; 3.606f5E-O1 0.
 
4 fl* 0. 
 0# 0. 0. 0.
Pn~s 5 THRU POS, 13 SAME AS ABOVE "­
14 1.32132E+00 1.86966E-01 3.9830E*00" 132252E*00 1.04152E*01 
 Is5549BE-o1 2.86576E-o1 B*obBOIE-02
15 	 1.452%1E-01 -1.31357E-01 7.13354E-61 -S.80535E-01 
 B,59256E-02 -16?5BB1-02 4.3691lE-0o -3.559190'O2
 
16 	 a, 0. 0 " 0. 4.BS52OE-04 0. 1.99063E-oe O
 
17 n, 0, O 0, 1,36079E-04 0; 5B5.9OE607 0.
L8 	 O, 06 O*
0. 1.75082E-03 0. 70hT83BE-o& 0,

19 	 O. 0. 0. 
 4.20782E-03 '0; 1972521E-05 0.
20 	 0. 0. 0. 0. 1.4562i3E-03 O; S.7TO64E-o6 0.2! 	0, 0 O. 
 a. 1.24767E-04 0; 5.I15*3E-07 0.
22 . 0, O. O, 2.18849E-04 0: B.97281EO7 0.
23 	 0. 0, 0, 
 0, 1*75370E&04 09 7.IS1TE-oT O.
24 a. 0. O. 0* 1;38067E-04 O 5;66075E-07 0.
25 a. 0. 2,41531E-06 0. 1;03768 E-04 0. 5:70367E-07
26 n* 0. O. 0, 4.52833E-05 O 1.85662E-O 0.
 0.
27 	 0. 0. 0. a. 9.30399E-06 O. 3.81464E-08 0.
28 	 a, 0. O.00 .09 o
 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 15
 
Pos. MAT. I MAT. 2 MAT. 3 MAT, 4 MAt. S MAT' s MAT. 7 MAT. B 
I 1.11739E-03 3.48547E-02 1,7S29E-05 2,61372E-01 1.26489E*01 2#9780og-02 5',21912E-02 h,59334E102 
2 o. 0. 0. 0. 2-09274E+O 0. B.58022EE.02 O 
3 1.41112E'00 0. 4.70530E+O0 0, 2.31493E+01 0* 3.82777E-ol 0o 






Pflb. 5 THRU POS, 13 SAME AS ABOVE 
1,33478E*00 1,43946E-01 "4.15599E*00 10705EO00 1*04347E*01 122579E:01 
9.7574jE-02 -7.73441E-02 7.10774E-01 -;5e40317E-01 8;52554E-02 -661623 a02 
o. . 0. 0. 0. * 
O. O, 0. 0. 816774E-05 0 






































2? . 0. 0. 0. 1.80937E-05 b; T,41842E-08 0. 
23 O. 0. 0. 0. 3,16851E-05 O i;29909E-07 0 









































POS, 30 THRU POSe 35 SAME AS ABOVE 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR 	GROUP 16
 
POS4. MAT I MAT. 2 MAT. 3 MAT. 4 MAT. S MAT. 6' MAT. 7 MAT. B 
1 2.07§44L-03 3.485i3E-o2 3.32432E-O05 ,61653E-01 2,35652E001 2.9TTg-o2 9.69182EE.02 1 59502EEO2
 
2 o. . 0. * 0 3.99437E*01 G 1o63769E'01 O.
 
3 1.41208E#00 0, 4,7098OEO00 0, 3i40656E*01 :'. 4027173E-O1 O.
 
4 a. 0. 0. c. 0. 0. o O
 
Pos. 5 THRU POS 13 SAME AS ABOVE 
14 1.33905E*O0 2:42439E-01 4.19068E*00" 1,68109E*00 1.04384E01 I 1.96453EIl 2.99193E-ol 1,0256E-01 
15 7,522 9E-O2 -3.93815E-02 5,49292E-01 -2.86391E-01 6.577E 02 vf32389.02 3,3S054E-02 -1.74655E*02 
16 P. 0. 0. 0 0. 0. o. 0. 
17 a. 0. 0. O 0. 0. 0. 0.
 
18 n. 0. 0. 0. 8.3031E06 O 3.40354E-oe8 O
 
19 o a. 0. Of 2.85440E'06 O I170l3E,-O Of
 
20 0. 0. 0. 0. 6.46137E'05 0; 2.64916E-07 Of
 
21 0. O. Of O I.S2111E-O4 00 6;23664E-07
 
22 0. 0 00. O 5.50465E-05 o; 2;28691E-o7 0.
 
23 o, O 0. Of 1,48447E-06 o; 6;0B633E-09 0, 
?4 a, 0. 0. 0, 2.85513E-06 o; i;17060E-08 0. 
25 0. 0. 0. 0. 2.27186E-06 o; 9;31463E-09 o. 
26 O. 0. 0. 0. 1;7922qE-06 O; 7o34839E609 O.
 
27 Of O. O1 00 1134726E-06 0! 5.52377E-09 0.
 
028 0. O 5.98330E-O7 0. 2;.4315E-09 O
 9 

29 O 0. o 0. 1,25321E-07 0.t 5.138-6E-10 O.
 
LA 30 	 0. 0. 0. O Ot 0! O 0. 
POS 31 THRU POS, 35 SAME AS ABOVE 
°,C, 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 17
 
POS, MAT. I NAT 2 MAT 3 MAT 4. MAT S MAT C MAT, 7 MAT, &
 
1 3*3943gE-03 3.48L3SE-02 5.61586E 05 2.61663-01 3,30511E401 2.97500t-02 13SflOEnol 1,59509E602
 
2 0. 0. 0. 0. 5,000S3E*01 O ?!05018E-1 0.
 
3 1,41340E*00 0. 4.7100E*9O 0. 4.35315E*01 0. 4.66579Eh01 O.
 
4 0.. o.0 o0 0! .
.
 13 SAME AS ABOVE
P0s, 5 THRU POS. 

14 1,27942E#00 2,3081E-01 3,75677E+00 1.66630E*O0 1,03863E*01 1959399-01 2#72724E-01 I.Olo36E0I
 
1$ 	7.09517L-02 -1.37886E-01 5.19087E-01 .6.96136E-01 6.19940E-02 "1o711i'901 3.16619go2 -5.471T5E602
 16 	 06 0. 00 0* 00 0. 04 0* 
Pao 17 THRU POST 18 SAME AS ABOVE 
19 	 0. O* 0 00 8,09770E:07 0a 3&32oo6E-09 O.
 
20 	 0. O. Of 00 4,147S3E07 0; 1.?0049E-09 O.
 21 	 0. O0 0. O. 0. Of 0. 0.
 
Pos, 22 THRU POS 23 SAME AS ABOVE
 
2 O. Of. 0. 0. 1.36726E'07 0. 5,60576E-10 O
 
25 O 0. 0. 0. 0. 0i o O.
 
Pos. 26 THRU POS 35 SAME AS ABOVE
 
0. 
CROSS SECTIONS FOR GROUP 18
 
Pose MAT. I MAT. 2 
I 4.3500oE-03 3.4B50E-E02 
2 O. O. 
3 j,41435EO0 0, 
4 0. O. 
TABLE 5-4 (Continued) 










Pos 5 TxRU POSe 13 SAME AS ABOVE
 
14 100206E00 4.92ii1E-01 1.90720E+00' 2,99510E#00 

16 1,30584L-01 -1.26290E-01 8.9893E-01 .7,33528E-01 

16 0. 0. 0. 0. 
Po. 17 THRU Pos. 19 SAME AS ABOVE
 
20 0. 0. 0. 0. 

21 9. 0. 0. 0. 

22 0. 0. 0. 0. 



















































































TABLE 5-4 (Continued) 
CRO5 SECTIONS FOR GROUP 19
 








































Pose 5 THRU Pose 13 SAME AS ABOVE 













01 1.60339E-01 -. 0B514E'O1 
3225738E-03 -B*2669?E-03 
00 00 

































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 20
 
POSe MAT. I NAT. 2 MAT. 3 AT. 4 

1 5.OOOoE-03 3*48500E-02 9,00000E-05 2,61673E-01 

2 o. 0. 0. 00 

3 I.415SoE.O0 0. 4,71008E00 0. 

4 0. 0.. 	 0. 
PoS. 5 THRU POS 13 SANE AS ABOVE
 
14 1.00206F.*O0 4,92111E-01 1.90990E+O0" 2.98900E+00 

15 4.o7943E-01 -3.87514E-01 2.6 2010E#00 .1j75810Et00 

16 0. 0. 1.79980E-01 -. 4596oE-01 

It 0. , 0. 

PO~S 18 THRU POS 21 SAME AS ABOVE 
22 o, O. O 0. 
23 a. 0. 0. 0. 
24 	 0. 0. 0. 0. 





MAT. S MAT' 6 MAT. 7 MATe S. 
5.O9B52EO1 ?.1B5OOI-02 2.04294E-o1 1,S999EL-O
 
80133 E+01 0* 3.285TE 01 0.
 
6.22154E*01 O0; 543155E-O1 0.
 
0. 0. 0. O.
 
*08490E+0 4.40720!01 I162783E-01 _.82968E-01
 
5a.78790E-Q1 -5;311701-01 1.6108sE-o -1.0I98E.0!
 
0. O. 1;079B8E602 -2.67576Ek602
 
0.0 06 0. 0.
 
B.98584E-08 0. 2,45449E-10 0,
 
4.24899E-08 0; 1 7 9E-io O.
 
0. 0; 0. 0.
 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP z
 
Pos. MAT. I MAT, 2 MAT. 3 MAT. 4 MAT 1 S MAT, 6 I MAT* 7 MT.s B 
1 6.40000E-03 3.48590E-02 1.0 OE-04 2,SOB5TE-01 7.9?73E~oI 4.3t300 O02 3.21B4E-01 1.60077E-02 
2 0. 0. 0. 0. 1.15341E 02 0. 4i?27B98tO; 0.i 
3 1,41640E00 0, 4.71003E+00 0* 9,S192SE401 0. 678317E 01 O. 
4 	0. - 0. 0. 0 O 0 i 0. 0*1 
PaS. 5 THRU POSt 13 SAME AS ABOVE " 
14 100206e4O0 4 92111E:01 "1.9034OE*0O 3.00350E+00 1.48960E 01 5#73340 E- 1 IT9s5E-01 1.B43B2E 0I1
 
15 4.0794E-01 -3.87561E01 2.63430E+O0 -l,78970E*O0 3.81220E-01 *3.45-5170 01 1.61130E-0l |I,1023EOt
 
jb 0. 0. 1.72290E-01 .4,28820E-01 O. 00 103374t.o2 ,2.P7292Ek.02
 
1 o0. 0. . 0, 0 O. O; 04
 
POS. 18 TH*U POS 22 SAME AS ABOVE
 
23 . 0. 0. 0. 4,31803E-08 ! 1,7703g9E-10. 0a,
 
24 	 0. 0. 0. 0. 3#24223E-08 Ot 1.s2931g-lo0oa.
 
25 	 0. 0. 0. 0. 0 o. 0, O
 
PO5 26 THRU P05 35 SAME AS ABOVE
 
I 
TABLE 5-4 (Cont!nued) 
CROSS SECTIONS FR GROUP 22 
Pos. MAT. I MAT* 2 MAT. -3 MAT, .4 MAT. 5 MAT 6 MAT. I MAT, B
 
I T.3000E-03 3.4SOOE-02 toldooE-o4 2.6164OE-01 6#2026E6) |G~76!EmO2 2.546&iE-ol 1.59572.02
 
2 0. 0. 0. 0# 1.03410E*02 0. 4.23991E-01 0.
 
0,
3 1.41730E#00 O, 4,71010E#O0 O 7:32128E*01 0. 5,8234E.O1 

O.
4 	 o. 0. 0. 0. O Oi 0. 

Pos. 5 THRU Pose 13 SAME AS ABOVE
 
14 1.00206E*00 4.921j1E-OI 1.9132oE*00 2.QSXoE*00 1.07910E*01 4.43020-01 1.62?43E-01 1.82539E-01
 
15 4.o79%2E-01 -3.87534E-01 2.63100E400 -1.78250E*00 S.23460E-O1 -4,42150E01 1.61516E-01 -1.1097E'01
 
16 o. 0. 1.65790E-01 -4.,1420E.01 0. 0. 9.94740E-03 -2,8S6BE-02
 
O. 0O Of 00 0.1? o. 0. 0. 

POSe IS THRU POS. 23 SAME AS ABOVE
 
24 o. O 
 O O. 3,1SIBE0S 0. 1t29320E.10 O
 
25 O. O 
 0. Of 2o4845B6EoOC 101667E-10 Oo
 
26 	 0. 0. O. 0 0. 0. 0. 0.
 





IAbLt 0-4 Lontinued) 
CROSS SECTIONS FOR GROUP 23 
PoSt MAT. I MAT. 2 MAT! 3 MAT. 4 MAT, S MAT. 4 MAT. 7 MAT. S. 
I B.E0OOOE-03 3.48590E-02 l.316080e94 2.61690E-O1 B.SfleOE~oI 3.6016?F-02 3.516'37E601 2.59780E02Z 
2 0 01 0* 0. 1,24229E*02 0O s.0933E 6 Oi 0.
 
3 1,4182oE0O0 0, 4,71013E*00 0, 9.84121E+01 0; 6.915?5En01 0
 
4 0. 0. 0 0. 0! 0!0.0! 
PoS. 5 TsRU POS- 13 SAME AS ABOVE
 
14 1.00206E*00 4.92141E-01 1.91020E*00 2.9884OE400 1|22690E*oi 5 0370 0E 01 1.68623E-01 l.B3190EoI01
 
15 4.0194,3E-01 -3.87561E-01 2.62420E400 -1.76730E#00 3.79180E-01 -3S4T990E-01 I±60516E601 -I.OB89QEWOI
 




POS. 18 THRU POS. 24 SAME AS ABOVE
 
17 	 0. 0  a. 0. 
25 	 0, 0. 0. 0. 2.32994E-08 0, 9.55233E.11 0. 
26 	 0. 0. 0. 0. 1t9099E08 0. T0.3087gE1 0. 
27 	 o. 0. 0. O. 0. 0. 0. 0.
 
Pose 28 THRU POSI 35 SAME AS ABOVE
 
TABLE 5-4 (Continued) 












2 0. 0. 0. 0. 
3 1.41930E*00 0. 4,71014E*00 0, 
4 '. 0. O0 0. 
POS. 5 THRU POS, 13 SAME AS ABOVE 
14 1.00206E+00 4.92111E:01 '1.90830E*00" 2.99250E+00 
15 4,07942E-01 -3.BT534E 01 2,62910E*00 -1,77800E+00 
16 D. O. 1.72SoE-01 -4.2948oE-01 
17 a. 0. 0. 0. 
Paso 18 THRU POSe 25 SAME AS ABOVE 
26 O. 0. O 0. 
27 0. 0. O 00 
28 0. 01 0. 0 
POS, 29 THRU POS 35 SAME AS ABOVE 
c-fl 
'.4 
MATJ 2 5 MAT. I 1 








1.02590E o 4*E -OO 





































IABLL 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 25 



































POSe S THRU Pose 13 SAME AS ABOVE 



































29 0. 0. 0. 0. Ot 0. O 00 
Pose 30 THRU POS 35 SAME AS ABOVE 
TABLE 5-4 (Continued) 














iS 4.0794a-01 -3.874 86E-01 2.6215oE00 

MAT. I NAT. 2 MAT 63 

1h210ooE-02 3.48S00E-02 ,1SOE-04 

O. 00 00 

1,.42210E*00 0. 4.71013E*00 

o. 0. 0. 

POSe 5 TmRU Pot 13 SAME AS ABOVE
 
1.00206E+o0 4'921'1E-01 1.91160E*00 






0. 2,O261 E+02 0. 

0. 1.25431E+02 O 

0. at 0± 

2.98520E600 1.21920E+01 5.00S30401 

.1.761I0E+00 4,36550E-01 -3.687401-01 





Pos. 18 TMRU POS. 2T SAME AS ABOVE
 
17 	 0. 0. 0. 0. 

28 	 a. 0. 0. 0. 9.89200E09 0. 

0. 0. 8;80631E-09 O
29 	 0. 0. 

30 	 0. 0O, 0 0 0! 

Pos. 31 THRU POS 35 SAME AS ABOVE
 
(.41 



























IAbLL 0-4 kuontinued) 
























1*42380E*00 0 4.71028E400 
0.0 .
























4.0794,3E-01 -3.87561E-01 2.62530Et00 -. 76970E+00 
0. 0. 1 O7400oE-O1 -4.32610E01 
o. O 0. 0O 








































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 28 I 
POSe MAT. I MAT, 2 MAT. 3 MAT* 4 MATe S MAT# 6 MAT. 7 MATO a
 
1 1.SOOOOE-o2 3.4859oE-02 2.4600E-04 2.61653E.O1 6.17679E*01 3.1o533E-02 2.53S1E,.1 11 5955SE6o2
 
2 0. 0. O. O. 6,22251E*01 . 2.59123E-01 Ol
 
3 1.42500E400 0, 4.71022E#00 o. 7.27177E01 09 5.86240E-o 09
 
40 O. O. O* O 0! 0. 0.
 
POS. 5 THRU Pos. 13 SAME AS ABOVE 	 I " 
14 1.00206E+00 4 .92111E-01 '1.90500E00 3.00010E+00 1.057 8 0E*01 .4.34290E-01 1,613?7E-01 1.3AO7E-O1 
15 4.0794,3E-01 -3.87561E-O 2.63200E+00 ..,78450E*00 3.59160E-01 -. O780a-01 1,60902M-01 .1,09766E601 
16 a. 0. 1.73O4oE-01 -4.30520E-01 0. 0. 1,03824E-O2 -2.58312E.02 
0 O Of 0.17 	 o. 0. 0. 0. 
Pose Is THRU PoSe 29 SAME AS ABOVE
 
30 	 0. 0. 0. 0 5.76064E:09 0, 2:36186E-1 1 0.
 
31 	 0. 0. 0. 0. 1.37575E 06 0. 5.64059E-09 O
 
32 	 0. 0, 0. 0. 0* 0. 0. 0.
 




TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 29
 
MAT.' MAT. 7 MAT, 8
Post MAT. 1 MAT, 2 MAT. 3 MAT. 4 MAT, 9 

i 1.T1Ooe-02 3.48657E-02 2800OE-O4 2,61643E-01 2.40312E901 3 31B33&-02 9 88931E.02 1.59637E602
 
1.25236E+01 8, 5.13469E602 Go
2 	O. 0. 0. 00 

Ot 4.3468OE-01 Go
3 	142T1OE.00 0. 4.71O2SE*O0 0. 3457314E+01 
 0. 0. 0.
4 	0. of O. 0. 08 

PoS. 5 'THRU POSe 13 SAME AS ABOVE
 I.649B6E-o1 1.BaS2Eo1
1 .odO206E.06 4.921EO1 1.9156OE+0O 2.97630E+O0 113030EOI 4.3S030E01 

IS 4.0794a-01 -. 8754E-01 2.62700E+00 -1.77360E*00 3 71720E-01 .3§.tt0o'l1 1;6O653E--O -1.09249E601
 
0. 1.67360E-01 -*.17810E-01 0. 0. 1.004.16E-02 -2506S6E602
16 	 0. 

Of of o. 0.
17 	 0. . 0. 0.
 
POS' 18 THRU POSe 30 SAME AS ABOVE
 
0. 0. 4"42216E-09 O 1*81309E-11 D*
31 0a'". 0. 

32 O. 00' Op O 0. 0O
 
Post 33 THRU POS. 35 SANE AS ABOVE
 
14 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 30
 
POS. MAT. I MAT. 2 MAT. 3 MAT* 4 MAT* 5 

I 2.03000E-02 3.4BSOOE-02 3.22000E-04 2,61641E-01 4954999E4Ol 

2 0. 0. 0. 0. 7.40597E*01 

3 1,43030E*00 0. 4.71028E*00 O 5.67995E*01 

4 	 .0 0. 0 0. 
PoS. 5 THRU POS. 13 SAME AS ABOVE
 
14 1.00206E*00 4.92111E-01 ".909SoE*00 2.98990E*00 1.09160E*01 

1 4.07943L-01 -3.a7s54E-01 2.622SOE+00 -1.76350E#00 3.97180E-01 

16 	 o. 0. 1.77970E-01 -4,1540E-Ol 0 # 

17 	 0. 0. 0. 00 0* 

P0s* IS THRU Pass 31 SAME AS ABOVE
 
0. 0. 3,4070SE-09
32 	 a. 0. 

0.
33 	 0* 0. 0. 0. 














































IAbLL -4 (ontinued) 







































Pos. 5 THRU POS. 13 SAME AS ABOVE 
14 1.00206E+00 4.92111E-O1 1.90500E*00 3.oo0010EOO 1,16890Eo .s5o940Eo 1.65933E-01 1.83692E01 














Pos. 18 THRU Pose 32 SAME AS ABOVE 
33 0, 0. 0. 0. I.7571SE-O7 0O ?,20433E-1O 0o 
34 o. 0. 0. 0. 0. 00 0 0 
35 0a 0. 0. 0. o. 0. 0. D. 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 32
 
POSO MAT. 1 MAT, 2 MAT* 3 MAT. 4 MAT. 5 MAT. 6 MAT. 7 MAT. &
 
1 2.52000E-02 3.48470E-02 4.0000E-04 2,61667E.01 2,73894E+0o 3,54500-o2 1,12690E-ol I.S9743E602'
 
2 o. O O. 0. 3@50244E+01 0, 1.43600E-ol 0.
 
3 1.43520E*00 O 4.71038E*00 O. 369B98E+01 0- 4.S1T75E-01 O.
 
4 Do 0. 0O.0 .O0 O 0.
 
POS. 5 THRU POS, 13 SAME AS ABOVE
 
1 i 4.92111E-01 1.25003E01 l704VlE01
1.oo2o6E+0o i.9220E+O0" 2995510E#00 1,06350E-01 179563E01
 
15 4.07943E-01 -3:87561E-01 2.61740E*00 -1.75230E*00 4o107SoE-01 "1.52000-01 1.60237E-o1 -1.oBo15E-ol 
16 o. 0. 1.67360E-01 -4.17760E-01 0o 0. 1,00416E-02 -2B50S56E-02 
li? o. 0. 0. 0. 0. 0, 0. 0. 






TABLE 5-4 (Continued) 
CROSS SECTIONS FOR OROUP 33
 
PUS. MAT. I NAT. 2 MAT, 3 MAT. 4 

1 2.73535E-02 0. 4.11?34E-04 4.74334E-01 

2 e. o. 0. " 0. 

3 1,42735E00 0, 4,S061E*O0 0. 

4 0. 0. 1.17955E-41 -1.03171E-40 

5 00 0. 3.89718E-3 9 -2.70538E-38 

6 O. 0, 4.71656E-36 -2.47806E-35 

7 0. 0. 6.33786E-34 -2,92281E-33 

a 00 O. 3.98852E-30 -1.372OE-29 

9 0. O. 4,53793E-21 -1.05042E-20 

10 0. 01 1.99050E-14 -4.25299E-14 

11 0, 0, 4.7320DE-11 -8.14889E-11 

12 O. 0. 4.64071E-07 -3.48554E-07 

13 o, 0. 6.12404E-03 5,38829E-03 

14 1 40000E*O0 0, I.TT351E.O0 2,99309E,00 

15 4,OT943E-01 -3.875TOE-o 1.71264E*00 -4.29657E-01 





















































































































TABLE 5-4 (Continued) 



















2 o. 0. 0. 0. 4.17601E+01 O l.?121TE-o1 0. 
3 1.42982E#00 O. 4.58338E*00 0. 3.23664E*01 0. 4.L3PTE-01 O. 















78 O.of 1 0. o. 2.36997E-28 -9.27848E-281,97118E-26 -6.99727E-26 0.O; 0.0. 1.2198E-29 -5,S6'709E-291.18271JE27 -4.19836E627 
9 0. 0. 4.41019E-23 -1.25703E-22 0. 0. 2.64611E-24 -7.54216E-24 
10 0. 0. 4,38833E-15 .8QO688E-15 O 0.' 2.63300E-16 -S,34413E-16 
11 0. 0. 3.7730E-09 -5,64749E-09 0. 0 2.27238E-10 -3.3B88SOE-O 
12 0. 0. 4,65262E-06 -3.17992E-06 0; O 2.79157E-07 -1.90795E-07 
13 o. 0. 2.39127E-02 2,66786E-02 06 0 1.43476E-03 1.boOTIE03 
14 1,40000E*90 0, 1,68789E+00 2,31920EO00 11000oE*01 O 1.51553E-0 1.391521-01 
15 O0 O. 1.94428E*00 30Q99E-02 O. 0! 1.16657E-o1 2.22599E-03 
16 0. 0. 8,51640E-01 -1.25020E*00 0. 0! 516984t-02 -7.50118E-02 
17 a. 0. 2.73671E02 -8,02831E-02 O 0 1,64203E-03 -4.81702E.03 
I 0. 0. 0. 0 0, 0 O 0. 
Pose 19 THRU POSe 34 SAME AS ABOVE 
35 . 0. 6.12404E-03 5,38829E-03 ot 0* 3.67442E[ 0 4 3,23a9?E604 
C) 
(,on oo 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 
 35 
2 MAT. 3 









546433E 29 -3.30666E-28 























































































































































































































































































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 36 
POS. MAT. I MAT* 2 MAT. 3 NATo 4 MAT. S MAT. MAT. 7 MAT. B 




























































































































POS 21 THRU POS. 34 SAME AS ABOVE 
35 0. 0. 3972491E-02- 3,49131E-02 0o 0.- 2,09479E603 
2.249E-3 209T9 0 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 

POS. MATO 1 MAT, 





3 1.43998E*00 O 

4 0. 0. 

5' 0. 0. 

6 O. 0. 

7 	 . 0. 

a 	 . O. 

9 0. 0. 

10 	 0. 0. 

11 	 0. 0. 

12 O. O 
13 o. 0. 
14 1.40000EO0 0. 
1 0. 0. 
16 o. 0. 
17 0, 0, 
10 	 0. 00
19 	 o. 0. 




0o PO5. 22 THRU POS 

35 	 0. O. 

37 

























































































































































































TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 38
 
POS. MAT. I MAT. 2 MAT, 3 MAT. 4 MAT. S HAT@ MAT. V MAT. 8 4 
 1.36SS7E-Ot
1 4.95893E-02 o 7*9SIE-0 2.27261E-01 S79110E*O1 0. 3.60844E01 

0. o 100764E402 0O 7.82132E-01 0.
2 0O 0. 
 6.9002BE-01 O
3 1.44959E+00 0. 4.6491SEE00 0. 9.Bq1OE+01 0. 

4 0. O 1.51945E-08 -1.18906E-08 0 0 9.11671E-10 -7.)3438EW10 
5 o. 0. 3 123q4E-t .3,02155E-08 o. 0. 1,87436E-09 -1.81293E609 
6 06 0 8.88025E-0
8 
-8.39124E-08 OG 0. 5,32845E-09 -5.03475E09 
7 0. 0, 2,18328E-7O -2.3S659E-07 0O 0. 1,30997E-08 -I,41395E-08
 
8 0 5.42381E-07 0, 0. 3.25429E-08 .3.SbIE.OR
. 	 .6.41452E-07 

0: 2,51995E-06 -3.16628E-06 0O Of 151197E07 -1.89977E-O
9 	 . 1:92551E'05 -2.38636E-05 0# of 1:15531E-06 "1.43181E-06
0 0. O0 

I95344E-05 -1.682bbE-05'
1 0.0* 	 3 25b4DE-04 -i.80443E0 DO 0i  

12 o. O 2,6b8I2E-03 -2.03243E-03 O. 0 1*59487E-04 -1.21946E 04.
 
13 O. 0. 1,14777E-01 -3.85277E-02 0. 0 6:86660E-03 -2.31166E-03
 
14 1,400oOE'O0 0* 3,61376E+O0 1,53922EO00 1.10000E+01 0o 2,671OSE-O1 9.23529E-02
 
is a. 0. 1.65474E'Uo -1.19234E400 0. 0. 9.92841E- 02 -7.15406E-02
 
16 O. 0. 3.782OOE01 -6.31420E-01 0O o; 2.26920E0-2 -3.7B852E-02
 
17 Go 0. 7.5 6 22E-02 -1#63570E-01 * 0 4.53973E-03 -9,81420E -03
 
5.93561E-03 .148877E-02 O 0. 3.56137E-04 -8.93264E-04
ja O 0. 

19 a. 01 2,00902E-04 -5,34438E-04 0# o 1e205W1E-05 -3.20663E-05
 
20 0, 0, 2,61372E-0 6 -8l5308E-06 0. O 1.56823E-O7 -5.11B48E'07
 
21 	 o, 0. 0. O 0. 0! Do 0,
 
Pos. 22 THRU POS# 34 SAME AS ABOVE
 
35 	 0. 0 2.93495E'02 1,32372E'03 Do0. 1#76097E-o3 7.94235Eo5
 
,0 
TABLE 5-4 (Continued) 
CROSS SECTIPNS FOR GROUP 39 















































3.8865E 07 -4.82575E'-07 
a 0O 0. 1.89501E-05 -2,373SoE-05 0: o 1.13701E'06 -1.42410Ef06 















12 aO 0. 2.46392F-02 -1.71327E-02 O. Oi 1.47835E'03 -1.02796E03 
13 0. 0. 2.54644E-01 -1,20327E-01 0O O 1*52787E-02 -721965E-03 
14 1,40000E+O0 0, 3.20337E00 1,71524E+00 1.lO000EtOi 0; 2042462E 0o 1.O2914ENO1 





































1,41943E 10 -S.16324E-10 
O. 0. 
35 o 0. "l14777E-01 -3,86278E02 0# a 6.088661E.o3 "2131167E-03 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 40 
POSO MAT. 1 MAT* 
1 6.8594SE-02 0. 
2 o. 0. 
3 1,46859E0O0 0, 
4 a. O. 
5 o. 00 
6 0. 0. 
7 n. 0. 
8 0: 0. 
0. 0. 
10, 0. O 
11 a. , 
12 O. 0. 
13 o. O. 
14 1.40000E*00 0 
15 O. 0. 
16 0. 0. 
I 0. '"0 
1B O. 0, 
j9 0. O. 
20 b0. 0. 
21 0, O 
?o 0. 0 
PO5. 23 THRU POS. 









































































2-31226E-07 -238646E 07 















2,T4054E 3 -1.2628E-12 
0. 0. 
35 0. . 2.5703E01 -122360EO 0! l154382E-02 -7.34,159E03 
0 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 41 














































4967123E*00 O. 2.25724E+02 
9,36946E-05 -3.94191E-OS 0,
1.22745E-04 -6.68458E-05 o 
1.9?667E-04 .1,22270E-04 0; 
2,87304E-04 -1,95556E-04 O 
4987923E-04 -3,71276E-04 0 
1.0900iE-03 -8,89017E-04 O; 
2#61389E-03 -2,70OOE-03O0 







































































































1.31538E-14 -T.O,2B5E -14 
0. 
POS. 24 THRU Pos. 34 SANE AS ABOVE 
35 0. -. "I83149E-OI'-11791E-O1 0! O. 1.09889E O-2 -6.10744E-03 
TABLE 5-4 (Continued) 











































4,6656TE0 0 0. 
9003819E-04 -206420E'04 
6,33161E-04 -2,47539E-04 






















































































19 0. .0. 1.71065E-03 -1,88292E-03 0. 0. *1.02639E-04 -1.1297SE-04 
20 0. 0. 9.11996E-08 -2.8952SE-07t 0-00. 547198E-09 -1,73715E468 
21 0. 0. 9.76655E-10 -4.I082SE'09 0, 0. S;85993E-i1 -2,46495Ew10 
22 . 0. 1.91906E-12 -1.O5O2E-11 0, Ot .ho15144E-13 -6,30612E-13 
23 0. 0. 8,71806E-16 -6,14471E-15 0. 0. S.23084E-17 -3,68682E616 
04.at00  0. 0.ota 
pos2 24 THRU POS 34 SAME AS ABOVE 
35 0. 0 2,41043E-01 .IeSS627E-0i 0! O1 149g86E02 -9,33?60Ew03 
-C 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR OROUP 43
 
MAT. V MAT. S
Pose MAT. 1 MAT. 2 MAT, 3 3 MAT. 4 MAT. 9 MAT' 9.83274E-O1 10OO61SE 02
I 9,63245E-02 0. ).4S103EV0 1#67692t-01 2,39692E#0 O, 

0. 4.94965Ee02 0. 2.02936E+00 O.
2 0. 0. 0. 
 2150692E+O2 0; 1!3159E*00
3 1,49632E+O0 Ot 4.TO380E*00 0. 0.
 0, 0.
4 0, 0, 0, . 0. 0. 0. 09 6. 1.95521E-04 -6,12053E-05
0. 3,2586AE-03 .1o2009E-03
5 0. 03 
 1:63020E-04 -7.1214QE oS
2,71700E- -1.18692E'03 oe
6 0. 0. 
7 0. 0. 3,0954]E-03 -i.7707IE-03 D. 0. 1.85725E-04 -1,06243E04
 0; 2.35358E'04 -.*6655E-04
3.92263E-03 -2.71091E-03 Oe
a 0. o. 
9 0. 0. 5.24752E- 03 -4.OSOO9E-03 0. 0. 3.14B61E-o4 -aA300SE-04
 
O. Of 6,11930E-04 -5.09012E-04
10 C. D. 1.0198BE-02 -848353E-03 

0. 2,90847EOO -2.43547E-0 OO. O. 1.745VBE-03 -1.46128E-03
11 0 
 4.69479E-03 -3.86809E'03
12 a. 0. 7,82465F-02 -6.4A01SE-02 0 0 
o. 1.6122SE02 eI*22037E-02 2,68709EO1 -2,03395E-01 0.
13 0, D. 7.04567E-02
14 1,400O0*0O 0. 3,83943E+00 1.17428E+00 1x10000E*01 0. 2,80646E-01 
3,24041E-02 -2.39529E-02
5.40068E-01 -3.99214E-01 0; 0.
15 0. 0. 
 1.SB9BE-02 -1.30601E'02
16 o. 0. 2,64 829E-01 -2.I766BE-O3 0. O 0, 1.06146E-02 -9.07T14E-0317 0, 0. 1.769$1E-01 -1.51312E-01 0, 6,06929E-03 -5B8B63E03
O 1011SSE'01 -9.8o172E-02 o, 0;18 0. O B.0854744E-04 -1.)9663E-03
1,42457E-02 -1.99438E-02 O
19 a. 0. b.64323E-OS -4.bISO6E-05
110721E-03 -7.69176E-04 0 0. 
ul 20 O. 0" 0! 1.06795E-10 "4.35135E61021 0, 0. 1.779 91E-0 9 -7.?5225E-09 0! 
,o a. 0. 313121E-11 .1,5861SE-O o. 0. 1.S7B12t-12 -. 516E-12 
of 2,26754E-1S -1954793E-1423 0. 0. 3.77923E-14 .2,57989E-13 O 
O. 0 S,81i203E-19 -5.21622E 1B24 O. 0. 9,68671E'18 -869370E'17 

a5 a.t. 0. O. O. 0.
f 0, 

Pose 26 THRY PoSe 34 SAME AS ABOVE ?
 133B7E02 -9.459SIE'o3
35 a. O, 2,2345E01-1.57658E0I 0! 0. 

TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 44
 
2 MAT. 3 MAT. 4 MAT, 9 MAT. Q 
1,63237E-03 1.45101E-01 2 O68E.O0 O 
ON. O. 5.69799E*02 Oi 
4.728 14EO0 0. 2:86068E+02 o; 
O 0. O 0; 
0. 0. O 0; 

4,91 8 72E-03 .1.53104E-03 0. O. 

3.87805E03 -177326E-03 O 0? 

3.64524Ee03 -2.29141E-03 O. 0. 

5.2722SEr03 -3,94116E-03 0. 0t 

8.12 4 03E-03 -6.59228E-03 0, OR 

1.96 265E-02 -1.62612E-02 O. Ot 

4.94159E-02 -4,20746E-02 O. 0. 

1.93229E01 -1,S0271E-01 O 0' 

3,80848E+00 1.16347E000 i.10o00O 01 O 

2.84301E-01 -2,22096E-O1 0. O 

1.35093E'01 -1.13066E-01 ON. o 

8.4851oE-U2 -7.17746E-0 ON 0 

6.52145E-02 -5,43108E-02 0. 0. 

2:44924E'02 -2.73741E-02 o; 

3.9 1349E'03 -5,16864E:03 0 0t 

3.29 746E-04 -1.63529E-04 ON OR 

3,2512E-11 -1,65002E-10 O 0 

4.0362E-13 -2,62999E-12 O. 0 

2.86330E-16 -2,58541E-15 o O 

3.862B8E-20 -4,67584E"19 0! 0. 

0 ', 0e
.34 SAME AS ABOVE 3.084 97E-01 -2.36173E-0!O 9! 













2.95123E-04 -9,1862& I0. r
 































































































PaS, 27 THRU POS 























































TABLE 5-4 (Continued) 
CROSS SECTIONS !OR GROUp 

Po5. MATe I MAT 

1 1.20314E-0 0. 

2 0. 0. 










8 06 * 0. 
9 0. 0 

10 04 0. 

11 O. 0. 

12 0. 0. 





is D. Do 
16 O. 0. 
1? 0. 0. 
is 0. 0. 
19 0, 0. 
20 0. 0. 

21 0," O 

I 	 22 o. 0. 

23 0' O. 

24 	 0. O. 

25 	 0. 0. 

26 	 0. 0. 

2T 	 o. O. 

Pose 28 THRU Post 

























































0. 	 0. 1 































































































































































TABLE 5-4 (Continued) 
CROSS SECfIONS FOR GROUP 46 
POS* MAT* I MAT, 2 MAT@ 3 MAY* 4 NATO S NATO MATO 7 MAT$ a 
I 1.36090E-01 O1 2.04882E-03 8,54584E-03 3*67740E#02 Oe 1,56843E#60 5,1275lEee04 
2 0. 00 00 09 7?61769E+02 Oi 3*12325E*00 G* 
3 1,53609E+00 0, 4,88346E+00 0, 3,78740E*02 Os 1@85159E*00 Oe 
4 r). 0, 0. O* , 00 0. 0;0-t0 
Pose 5 THRU POSe 7 SAME AS ABOVE 
B 0. 0* 1,97819E-02 -6,87943E-03 0a Of 1:18691E-03 -4,12,766E-04 
9 O,. Ol 1,80288E'02 -B,99797E-O3 O* 0i I 09173E-03 -5,39878E-04 
I0 0* 0, 2,11S97E-02 .1,42067E-02 0, 0O* 1,26958E-03 -8,52405E-04 
11! 0. 0 2,8082SE-O2 -2.26314E-02 Oe O* 1,6849SE603 -1.35789E-03 
12 o. O9 4,65190E'Od -3,97901E-02 0, O*t 2*79114E'03 -2.38741E-03 

















16 04 Of 1,42659E-01 "1*2267TE-01 Oe 0; 8,55955E'03 "7,3606E'03 
17 0* O0 9,65894E-02 -8925265E-02 Os 0! 5*79506E:03 -4,95159E-03 
18 O0 0, 6.33657E-02 "5,26875E'02 Oe 00 3.86194E 03 -3*l125E-03 
19 0, O1 4.72071E-02 -3.83207E-02 Oe 0; 2,'83783E-03 -2.29924E-03 
zo0#O0O 2.53801E-02 -2,36911E'O2 O?- 0; 1,5228OE'03 "1*4?147E603 
21 O0 0. 7,94829E-03 -9.62383E'03 0. 0 ; 4.76897E-04 -5.77.430E 04 
22E 0," 0 1#65599E-03 -1972266E-03 Oe 0. 9493592E:05 -1,03360E-04 
Z223 Oo O1 1,42352E-05 -3,79651E-05 00' 00 8"5411lt-07 -2*27791E606 
24 0, O* 2,69531E-13 -1,53030E-12 Oe O* 1,25718E-14 -9018178E614 
25 0. 00 1,68168E-15 -1,61663E-14 Do' O 1*OO9tit-16-.'g69976E-16 
2bf ,0O  6,1791SE-19 -8,38600E-18 Oe O0 3;707SIE-20 -5#03160D-19' 
27 09 01 3,86352E-23 -6,99669E-22 0; 2.31B~-E2 -4,19801E623 
28 0. 0, 0* 06 09 0'O4, 06O 
POS. 29 THRU POSe 34 SAME AS ABOVE " 
35 0a i. 2,55608E-01 -2,10563E-01 Ot 0, 1*53365E-02 -1,25338E602' 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 47 
POs. HAT. 1 MAT* 2 MAT MAT. . MAT. MAT' MAT* 7 MAT. 8 
I 1.5981SE-01 0. 2.42604E-03 -2.22689E-03 4SS840E*02 O I.86974E*oo -1.33614E.04 
2 0. 0. 0. 0. 9.44279E*02 0. 3.87154E*00' 0. 




S !HRU POS 
0.8 SAME AS ABOVE 0. 0! 0. O 0. 
S0. 0. 3.79479E-02 -1.58623E-02 0. 0. 2.27668E-03 -9.5174OE604 



















































































































27 0* O. 1#16006E-20 -2.07985E-19 O 0 6 96034E-22 -1.24-91E-20 




30 THRU POS* 
0. 
34 SAME AS ABOVE 
O 0! 0! 0. 0. 
35 0. 0 . 2.21493E-O0'-1.85924E-01 O 0 1.3?896E'oZ -1.11554D02 
TABLE 5-4 (Continued) 



















2 o. 0. 0. 0. 1.16525E+03 0; 4.?7754E400 0O 
3 1.58857EsOO 0, 4,84123Es00 0. 5.73508E+02 0; 2.64778E*00 '0. 
4no O. 0* 0* 0. 0! 0. 0. 






























15 0. 0. 8,97588E-O2 -7,63062E-02 0. 0. 5.38553E03 -4.57837E-03 
16 0, 0. 4.3979SE-02 -3.78705E-02 0. 0. 2.63877E-03 -2,27223E-03 















20 0. Of 1.42123E-02 -1.04856E-02 0. O. 8.52740E-04 -6929134E-04. 
21 . O 1.09284E-02 -?,77457E-03 0 0. 6,55702E-o -4,66474E-04 









































0.0. 4;446 7E-24 -1.14087E-22 1.00065E-28 -3.37902E-27 
30 0. O. 0. 0.D0 O- 0. 
POS, 31 THRU POS 34 SAME AS ABOVE - 0 
35 O. 0. 2.28656-01 -1.92451E-01 0. 0. 1.37T*9E-02 -1.15*70E602 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GOUP 49 
POS. MAT. 1 MAT. 2 MAT.o MAT@ 4 MAT' S NAT* MAT, 7 Mli ' 8 
I 220100E-01 Os 3.41953E-03 .3.56928E-01 6,84213E402 0. 2.8O603E*dO -2.141'S?E2 





POS, 5 THAU POS 
5908886E400 
o 



























2.82531E 03 -2,0512E-03 
3#32279E-03 -2.74195E-03 
3,34a09E.0o S.'12429E-02 
15 a. 0. 7.34039E-02 -6.06087E-02 0o 0. 4.404e3E-03 -3.63652E-031 
16 O. O 5,02757E'02 -4.15525E-02 0 0!, 3.01654E-03 -2.49315E-03 
I7 0O 0o 2.87823E-02 -2.31201E-02 Do 0O i.72694E-03 -1.38721E-03 
18 0. 0, 2.31340E-02 -1,77780E02 0. 0. 1.38BO4E-03 -1.06668E-03 
19 0. 0. I.60776E-02 -1.20816E-02 0o 0. 9.64658E-04 -7.2 498E-04 
20 0. 0. 1.45994E-02 -1.00431E-02 0. Of 8.75967E-o4 -6.02584E-04 
21 Do o. 1.07224E-02 -7,10942E-03 o 0. 6.43346E0 :"4. 6565Ew04 
22 Do 0. 7.22476E-03 -4.8412BE-03 o; 0O 4.33E486E-6 -2. 0477E-04 
23 a. " 0. 1.68544E-03 -1.71331E-03 0. 0* l.01127E-04 -1.02799E-04 
24 DO. 0 1.25883E-03 -9,59565E-04 O; o; 7.5529E-05 -5.75739E-05 
25 0. 0. 1,34678E-04 -8,42031E-05 0; 0. 8.0B0O0E-0 -5.05219E-06 
26 0o 0. 00 0. 0. 0. 0. Oe 
.0 2? 






























POE* 3a THRU POS. 34 SAME AS ABOVE ' 
35 O Of. 2.01467E-01'-63086E-01 o! 0O 120880E-02 .9B7I87EL03 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP SO 















3 1,69356E9O0 O 40S678OE0O0 0. 9!33161E*02 0; 4;10633E.0o 0. 
4 O. o. 0. ., O, 



























































































5.47?52E o5 -3.24062E-05 




28 0 , O 
0O 
0. 





























33 THRU POse 
8.2985E'31 -4,83985E-29 
0. 0, 









35 , 0. 1.77979E-01 .1.3450oE-01 O 0. l06787E6-o2 -806999E-03 
TABLE 5-4 (Continued) 
CROSS SECTIONS FOR GROUP 51 



















































































































7.02662E-04 .3,46045E-04 .0t 
2,801OE-04 -1.44402E-04 O* 
2.'12192E-04 -8.5q79 0E:05 O 
1.47982E-05 -6.5967E-070 . 

























































35 0. 0, 1.80762E-01 -1.19867E-01 O a; 1.0O457Eo2 -7,19201E03 
TABLE 5-4 (Continued) 


























































Pose 5 THRU POS. 
1.40000E+00 0. 















13 SAME AS ABOVE 
3.60952E+00-I.8j687E*O0 i.io00OE+O1 
S.20580E-03 -390382E-03 0O 
6.66386E-03 .4.00943E-03 0. 
5,39514E-03 -2.R1175E-03 0O 
3.46095E"03 -1.62679E"03 0o 
3.13181E"03 -1.235602E03 0O 
2.43975E03 -B.12773E04 0 
1.75503E-03 -5.20579E-04" 0o 
1,90436E-03 -5.66562E-04 O 
1,47972E-03 -4,39223E-04 0O 
1.43565E'03 -3,43494E04 0O 
4:03085E"04 -1,38875E-04 0o 
i.62391E-04 -6.0B014E-05 0, 
1.43515"E04 -3.64644E-05 0o 
1,04822E-05 -6,69816E-08 0 






































































TABLE 5-4 (Continued) 







GRP. I GRP. 2 GRP. 3 
1*20424E-02 820503E-03 6.08559E-03 
2.82344E'02 2.2477E'02 1.53139E02 
1.08541E101 1.04533E-01 1.13195E-01O. 0. 0. 



































4.86902E-02 4.739;4E-02 5.58687E-02- 8.06892E-02 
o. 1.94829E-02 2,11779E-02 3,38459E-02
0. O. 2.42202E-03 3,26098E.03
O 0. 0. 7.66554E-03 
0. 0. 0. 0. 
o* 0. 0* 0.0, 0. O. 0. 
O. 01 0. 0. 
n. 0. 0. 0. 




































PoS. GRPa 9 GRP. 10 GRP, 11 GRp. 12 
1 6.02628E-03 7.41018E-03 9.86053E­ 03 I.58834E-022 121@43E-02 1.#41035E-02 1.77507F-02 2.76928E-o02 
3 2,4356aE-01 3.02300E-01 3.43701E-01 3.51797E-01
.4 00 . 0. 0." Pos. S THRU Pos. 13 SAME AS ABOVE14 1.90239E-01 2,b3028E-01 2.89627E-01' 2.92930E-0115 5.40335E-02 4.65389E-02 3.16347E-02 4,41822E-02
16 3.13164-03 1.81556E-03 5.59522E-04 181034E.0417 3.23146L-03 1,62358E-03 3.49644E-04 1.27372E-041u 3.5010E-03 2,324 -03 1,60129E-04 5.68115E-05 
19 3.02B65E-03 2.05150E-03 2.89321E-04 2,56446E-05
20 5.48538E-Q3 1.73049E-03 2:3 8 008E-04 4#54370E-0521 1,98I7 03 2.1486 9E-03 1.91742E- 4 3.67352E.0522 1.01563L-03 7.Yo037E-04 1,86934E-04 2.91444E-0523 0. 2,92517E-04 6.53519E-05 2.41230E-05 
0. I, 1.36448E-05 9.68264E-06
.25 0, 0. 0. 2.00039E-06 
26 n. 0. 0. 0. 
27 (). 0. 0. 0.28 a. 0. 0. 0. 
29 0. 0. 0. 0, 
0 of0. 0* 0* 















































































































TABLE 5-4 (Continued) 
3 4,66579E-01 4o43615E-01 6,63864E-01 5943155E-01 6.78317E-oa 
4 00 0. 00 O 
POS. S THRU POSe 13 SAME AS ABOVE14 2o72?24E-01 I 59730E-01 1.86295['01" 1.62783E-01 1:7898SE-01 
IS 3.16619E -02 Se48873E'02 1,60339E-0l1'|6108sE-01 I 61130E-01 
0. 3.25738E-03 1.07988E-02 10337hE-02 
0. 0. 0. 0. 
1860..a 0. 0. " .j9 3.32006E-09 a - O. .. o. ' o 
20 1o7004.E-09 4:918 43E10 do 0o . 
21 '0, " ,0426 9E-10 3,44894E:10 0, 0. 
22 0, 0. 2.20494E-10 2.45419E-10' 0;23 .0. 0. '0 1.74209E-10 1:77039E:10 
24 5.60576E-10 0. 0. 0, 1.32931E-10 
25 O. 0, 0. 0. 0.
?b O. O. 0, '0. 0. 
27 0. 00 0. O. 0. 
28 Go 0O 0. 0. 0. 
POSe 29 THRU POSe 34 SAME AS ABOVE 
5058234C-01 6.91S5RBEo1 5.33084o-01 
0- 00 0 
lo62743E-01 |168& EU 01 J+s60268E-01 
1;61516"-01- '1,60516E-0l1,|61023E01.. 
9QA4a-o3 1.OS31SE-02 1O34S'E-2 
0o " -'0. 0.". 
0;' ; .' .a;0,. ,- a. -
- 0 0.9 G 
0. 0 0 . 
O 0. '0. 
0 . O 0. 
1;29320g-10 0. 0. 
101867E'10 9,55233E-11 0,
10 -" 7;8O3087E63 7.12344E11j
0 0. .69039324611­
0. 0O 0. 
1. 
o 
POS. GRP. 25 ORP, 26 GRP,.27 
1 3.85084E-01 4 , 62736$Eo 1.26§41E01
2 3.79215e-01 8.30712E-01 1.30626E-01 
3 7,25625g-01" 8,022?3E-01 4,68140E-01
4 0. 0. 0 
POS, S THRU POSe 13 SAME AS ABOVE14 1.605126-01 1.68391E-01 1.60256E-01 
15 1.604756-01 1.60589E-01 1.60784E-Q1 
16 1,0220E-02 1,061346-02 1,044006-02 
17 0. 0, 0. 
eas. 18 THRU P0o 26 SAME AS ABOVg
21 5.35658E-11 0. 0 
28 4.66513E-11 4055726-11 0o 
29 0. 3,61059E-11 3.08767El'1 
30 0. .- 0 2*79861E-11 
31 0, 0. 032 0. 
33 0. of of 



















































































POS. GRP, 33 GRP. 34 GRP, 35 
S7.629362E602 6,80409E-02 2,768236"01
42 1.41a1oE-01 1.712176-01 '4.98483E-01 
3 4.14228h-O1 4.13297E-01 6.00843E-01 
7.07728t-43 6.78112E-37 1.54856E:31 





















5 3 2815L-0 
GRP, 39' GRP 40 
762772 0 9,70194E601 
1;535966.0O 1.B0288E400 
1,09234E+00 1.300326400 
5 26516t08 -2.042666.07 
7'62599E-08 2.31226607 




TABLE 5-4 (Continued) 
7 3.80271E-35 1,42198E-29 4,46099E-26 2%71023E-24 6.18220E-14 1,30997E-08 3,8867SE07 9,3604E07 







































































































23 THRU POS. 
034 SAME AS ABOVE 0. 0. O. 01 0, 




























4 5.6216?7E-06 5.42292E-05 0. 0. 0. 0. 0. 0. 
5 7.36472E-06 3.79R97E-05 1.95521E-0 0, 0. 0! 09, 0 













































13 1.3734oE-02 1.15931E-02 1.61225E-02 1,15937E-02 1;02665E-02 8;69272 -03 8;716e3E-03 4917956E-03 
14 2.55986E-01 2.61253E-01 2.80646E-01 2,8789E-01 2.88892E-01 3;09212E-01 3.7299E-o 3*19165E01 
15 5.38656F-02 3.25314E-02 3.24041F-02 1,705SlE-02 1,93986E-02 i.62592-02 1.26327E.2o 5,38553E-03 




























20 3.75911E-09 5.471?BE-09 6.64323E-05 2.3481oE-04 7.67645E-04 1.5228o0o3 1.9718E-03 8B52740E-O4 

























25 , 0. 0, 2.31773E-21 -1-02892E-18 1;00901E-16 4.534SE-16 2,29323E-19 
26 0. 0, O. O. 9,73561E-23 3;10751120 2.81712Em 18 6.2463BE-1B 
27 . 0' 0. 0. 0. 2E31811E-24 6!96034E-22 2.84252E-20 
28 0. 01 0. Os O 0. 2;1532E-26 4.44627E 24 
TABLE 5-4 (Continued) 
29 
30 
o,0. 0. 0, O. 0. 0. 0. 0, .O  O! 0, 0 1.0006E2B O. 
POS, 31 THRU POS 34 SAME AS ABOVE 













3.16174F*00 4,10633E*00 5.88108E+00 
. 0. 0* 
POS. , s THRU POS. 10 SAME AS ABOVE 
8698R3Eo0 
0, 














































































































TABLE 5-4 (Continued) 
52 34 2 2 P1g52OROUPSg ALiCU23S
 
PO. GR, I GRP, 2 GRP. 3 GRP. 4 GRP. S GRP * GRP. 7 GRP. B 
I 3.85066E-02 2.94oa4E-02 3.64414E-02 3.4422oE-02 2p13381E-02 1.5!61B510- 2±29307E02 2.9553SE.02 
2 o. Of 0* Do o . 0 
POS. 3 THRU P0s. 13 SANE AS ABOVE
 
14 1.2755S8E01 .17819E-01 1.45S59E-o1 2.0S437E-01 1.84484E-01 1.33640E'o1 1.00467E601 *2732SE601
 15 0. .6.0S49E03-2.18210E-02 -3.41791E-02 a?.5630E-02 -9.80494P02 a.8o50 02 -3.16649E.02
 ..

16 	 0. O. -5.9 7984E-03 -1Tt9o0D-03 -2;35560E-03 -2'653984-02 2 20200E-02 0.
 
17 	o. 0. . 00 0 0.
0. !. 

P0s. 18 THRU POS. 34 SAME AS ABOVE
 
P0. GRP. 9 GRP. 10 GRP, 11 GRP. 12 GRP. 13 GRp6 Ik GRP, 15 GRP]. 16
 
1 3.OSS3E-02 2.46505E-02 2.03241E-02 .60932E-02 1.62960E-02 l.59012t02 1,59334E-oa 1.9S502EO2
20. 01 0. 0 	 0, 0 Go 
P0Se 3 THwU P05, 13 SAME AS ABOVE
 
14 1.25410F-01 9.7901E-02 9.82841c-02 8.41384E-02 8.44799E-02 S.066o01-02 6.52665E-t2 1.026t01
 
15 -3. 664S-02 -3.36451E-02 -2.39526E202 -3.73117E-02 -3,SB589E-02 -3.559199-02 .3.29764E-02 "1,74656E02
 
16 0O a. O 0!.
O, 0 	 0
 
POs5 17 THRU POs. 34 SAME AS ABOVE
 
PaS. 6RP. 1? GRP. 18 GRP* 19 GRP,. 20 GRP 21 GRP6 22 GRP, 23 GRP6 24,
 
1 1,59509t-62 le59518E-09 1,60269E-02 1,59599E-02 1.60077E"02 1459572§'02 l.5S7BOE-02 1,595UEL02

2 O. 0. 	 O.0. 0 0. ! O. 
FOS. 3 THRU POS. 13 SAME AS ABOVE 
14 1.01036E-01 1.B3187E-01 1.8290?E-01' 1.82968E-01 1.84382E-0l 1.829391-01 1!83190Ee01 1.83098E601 
15 -5.4715E-o2 -4.491 0E-0 -1.08514E-01 -1.09098E-01 -1.10231E:-01 -'l.1a197 01 1;08319E'-01 -1.09736E601 
16 	 0. 0. -8.2669 7E-0 3 -2.67576C-02 -2.5729e-02 -e;4as68S-02 -2,6161BE -02 -2.57688E-02
17 	 0. 0, 0. 0. of 0O 0#
 
P0s. 18 THRU POs, 34 SAME AS ABOVE
 
Pas. GRP, 25 GRP, 26 GRP. 27 GRp. 28 GAp. 29 GRp!. 30 GRP. 31 BRPt. 32
 
1 1.59784E-02 1.59753E-02 1.59518E-02 ).59555E-02 1*59637E-02 1.59591t-02 1tSP700E-02 1.59143E -0
 
a 0. * O. O 0. 0- 00 Go
 
Pos. 3 THRU POs. 13 SAME AS ABOVE t
 
14 1.82503E-O1 ".82690E-01 1.82182Ee01 1.3033e-l01 183692E60
1.8298SE-01 1.83607E-01 "1.79563E601
 
15 -1.0890OF-01 -1.08612E-01 "1.09228E01 -1*69766E-01 -i;09249E-01 -'1;08619E-01 *1:1009oEol -1,08015E-O
16 -2.55198t-oZ -2.63442E-02 -z.59566E-02 -2.58312E-02 -2'50686E-02 -e'6492.0-02 -2,56722E-02 -2,5065&E-02,

17 	 . 0. O. O. . 0. 0.
 
Pas. IS THRU POs. 34 SAME AS ABOVe
 
Pas. GRP* 33 GRP. 34 GRP. 35 GRP. j6 GRP. 3? GRPr. 3q SRP. 39 $RP). 40 
'I 2.8460IE-O? 1.62R1BE-02 1.57096E-02 1.386306-02 1.39397E-02 1;3635s7I02 1!3O6DSE 02 1.349955E 02 
2 O. 0. 0. 0. 0 O. 0. 04 
3 0, 0, 0. O. O; . a 
4 -6.19026-42 -5.66002E-36 -1.102aZE-30 .4,95827C-28 -1;56347E-16 -7134339-10 -439796E608 -1,36.1TZE607 
5 -t.62323E-39 -8.61669E-34 -1.98 399E-29 -1.043T3?26 -2.65364E-15 -1!81243t09 7.34977E6 08 .2.3864607 
TABLE 5-4 (Continued) 
6 -1,48684E-36 "1921200E-31 -I, B I696E-27' -1,55OSE-25 -9952363E-15 :5,0347SE:og :j,6745-|E-O*,-4,j6866Ew07

7 -1,75369E-34 -5.56709E-Z? - WI*T43E-25 -1:02776E-23 -16212TE-14 "'| 41395t-08 " 825SE-OT -105673E 0b
 
a "8,23203E-i1 -4:19836E-27 -4.19126E-23 -3,87780E-21 -1,11662E-13 -3,848?|E-08 "1*426.10E-06 w3*62,789E -Ob
 
9 -6 o254E-22 .7,54216E-24 -2,20377E-21 I1,9397aE-18 -9,25430E-13 -l,8gg77E-07 -4.446,38E.06 wl.02001E6OS
 
10 -2.55179E-15 :5.34413E-16 -1.81121E-18 -1:40433E-16 -1,67186E-1| "-1;43181E 06 "2,0i374E-05 -2.32.137E-O5'
 
11 -4.88933E-12 -3*38850E-1O -1.73625E-11 -2.77376E-14 -2.13399E-10.-'1 *682661-05 -1*'11807E-04 -8994603E-05
 
R2 -2.09113L'08 -1:90795E-07 "1,24280E'06 -1,38713E-08 -1:12446E-08 :'1;21946E-04 -1.02796E-03 "¢*98798E-04
 
3 3 23297E04 I b0071E03 2.094ERE-03 9.25381E04 7 9437E:05 -2'316 03- ,-SE0 5,04265E.03
 
14 1:7958E01 1,39152E-01 1,33099E-01 123621E-0i 11983E-O01 . 23529L-02 1:02914E-0| |,11461E 01
 
15 -2.72134L-02 2.22599E-03 -5.26891E-03 S.98337E-03 -458799E-02 -'7,15406t-02 -3,10473t602 -1.90870E-02
 
16 -2.26009E-02 -750118E02 -7,00581E-02 -5.10692E-02 8,37312E-02 -3*TB52E02 -5,884P4E-03 -8,38891E-03
 
17 n. 4,81702E-03 -2.61006E-02 -2.10205E-02 -3*34583E-02 0Q,81420e-03 -3.4862SE'-04 -8.20034E604
 
18 1). O. -3,40263E-04 -9,94789E:03 -5,32069E-03 -8;93264E-04 -8.519'44E-06 -1.18194E*05
 
19 no 04 00 -833721E-06 -36 797E-04 :-?206 W3 05 -1,18826E-07 -1,05721E07
 
o0. 0o 0# Do, 2.6260iE 07 "5011848&-07 -5,16324 -10 -6*99398E-10
 
1 0 . 0, 0* 
 O f 00 O0 O t -1,2 6828E-12
 
2 2 no 0. O t 0 0 O0 0 ! 0 . O, 
Pose 23 THRU Pose 34 SAME AS ABOVE 
Pose GHPv 41 f ' GRP, 42 ORP;,43 GRP, 44 GRP, 4S GRP6 46 GRP, 47 GRPI, 48 
1 1,31lo5E-02 1,23289E-02 1.00 15E-02 B,70608E-03 9.76605E-03 5,1275'1 -04 -1o33614E-04 2,36645EN04 
2 O * 0 0 0O *0 0 0. O f 0 - 09 
L 3 0.. 0. . 00 O, 0! 0: 00 
I4 -2.36514E-06 "1623852E-05 Of 09 0: 00 O6-
 09
 
5 4 01075E 06 "148523E -05 "6 12053E 05 0# 
 0! O t O0 09
 
.6 -7,33623E-06 -2.o1799E-05 "712149E05 -9,18626E-05 00 00 O: O6
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The next section lists the cross section set identification number and tile 
followed by the input cross section data (10* array or from tape) for MTP sets. Each 
cross section set contains IGM energy groups and IHP table positions. 
The next section of printout lists the cross section data for all elements (MTP) 
and mixtures (MTX) for energy group 1. The next page contains similar data for group 2. 
This pattern is repeated for IGM groups. Note that even though the elements and mixtures 
are printed, if IMIX > 0, only the mixtures (MTX) are placed on the group-independent 
tape. 
If ITYPE = 1, the code attempts to write a group-dependent tape from the 
group-independent tape. If insufficient core storage is available, a message giving the 
core storage needed to generate a group-dependent tape is given; execution is then terminated. 
If sufficient core storage is available, the group-dependent data are printed out by material. 
Each material contains IHP x IGM values0 This concludes the printout from a SATURN code 
calculation. 
5.5.2 Punched Output 
Punched card output from the SATURN code is only obtained if ICARDS = I 
in Data Set I, and a group-dependent tape is generated. Under these conditions, either 
MTP sets (if MTX = 0) or MTX sets of cross section data are punched out in a (6E 12.5) 
FORTRAN format. Each punched cross section set contains IHP' table positions for each 
IGM group0 Each set begins on a new card. 
5.5.3 Tape Output 
Two binary tapes can be generated as output data by the SATURN code: a group­
dependent and a group-independent cross section tape. 
The group independent tape contains IGM records. Each record contains either 
MTPx(IHP + I) values (if MTX = 0) or MTX x (IHP + I) values. If the input cross section 
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data include upscatter, I ='1; otherwise I = 0. This tape is called the "specially prepared" 
cross section tape and is suitable for use in the DOT-IIW and ANISN-W codes with the 
appropriate input parameters. Note that for the ANISN-W code, the total upscatter cross section 
is computed by the SATURN code and is placed in position IHP + 1; for the DOT-IIW code, 
the total upscatter cross section is placed in position IHT + I and the previous cross sections 
from IHT+ I to IHP are placed in table positions IHT + 2 to IHP + 1. With this tape, ANISN-W 
and DOT-IIW calculations can be made with little dependence on the number of energy groups. 
The group dependent tape contains either MTP (if MTX = 0) or MTX sets of cross 
section data with IHP x [GM values of cross section data for the particular material. This 






5.6 PROGRAM LOGIC 
The general code logic used in the SATURN code is presented in this section. 
A description of each of the subroutines and their function in the overall code logic is 
described. 
5.6. 1 Subroutine Description 
The SATURN code contains a total of 14 subroutines. In developing the code, 
a modular approach was used. That is, each subroutine performs a specific task within the 
total calculational procedure. As a result, the code is versatile, because of the ease of 
adding another module to the system. Table 5-5 describes the principal function performed 
by each subroutine in the SATURN code. 
5.6.2 	Calculational Procedure 
The general code logic for the SATURN code is shown in Figure 5-2. As 
shown, the calculational procedure is straightforward. 
The coalculbtional procedure begins in the SATURN main program, where the 
core is zeroed out and the flexible dimension arrays are defined. The RING 1 subroutine 
is then used to read the cross section data, perform relabeling (if requested) and compute 
the total upscatter cross section. If adjoint theory calculations are to be performed, sub­
routine ADJN performs the necessary adjoint reversal of the cross section data. Subroutine 
PLSUM is used to compute a transport correction for Py data for use with transverse leakage 
data. The RING 3 subroutine is used to prepare the group-independent tape. At this 
point, if mixtures are desired, subroutine MIX is used to combine the cross section data. If 
a group-dependent tape is requested, subroutine RING 2 is used to generate this tape from 
the group-independent tape generated in subroutine RING 3. Each output tape is rewound 




LIST OF SATURN CODE SUBROUTINES AND THEIR FUNCTIONS 
Subroutine Name Principal Operation 
SATURN Zero cut core, compute flexible dimensions, 
and control overall program logic 
RING 1 Read cross section data, perform relabeling 
task, and compute total upscatter cross section 
RING 2 Prepare group-dependent cross section tape
from group-independent tape 
,RING 3 Prepare group-independent cross section tape 
and control mixture operations 
TRANS Add in transverse leakage correction data 
MIX Perform cross section mixture operations 
PLSUM Compute a transport correction for P(L) 
data for use with transverse leakage data 
AWN Perform adjoint reversal of cross section data 
ERROT Print out end-of-file error message and related 
information 
FIDO Generalized, input data read routine 
WOT Print out, 1-, 2-,or 3.- dimensional arrays 
DUMP- Special subroutine to assist indebug of code 
WOT 8 Print out up to 8 columns of fixed and/or 
floating point data of variable length 
OW Print out special page at normal termination 
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Figure 5-2. Code Logic fbr the SATURN Code 
5.7 METHOD OF SOLUTION 
Because the SATURN code is an auxiliary, data processing code, the method 
of solution in the code reduces to the program logic described in Section 5.6. A thorough 
discussion of the mixing table calculations and transverse leakage calculations is given in 
Sections 5.3.1 and 5.3.2, respectively. These two sections represent the only set of calcula­
tions in the code0 All other operations are processing operations to prepare the data in the 
proper format for use in the ANISN-W and DOT-IIW codes. 
5-114
 
